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Synopsis 

This study set out to assess whether measurable food effects on behaviour and 

cognition could be detected. A comprehensive review of research on food 

sensitivity provides tentative support for a link between certain food substances 

and hyperactive behaviour, impulsiveness and attention problems in children. 

However, there has been a dearth of experimentally rigorous research in this field 

based on the between-groups design. Most of the res each has a number of defects, 

the most obvious being that there is a lack of appropriate control groups. In other 

words, most of the food challenge research has not used a control group of subjects 

who are in the normal range for symptoms of Attention-deficit Hyperactivity 

Disorder (ADHD) to provide a benchmark for behavioural food reactors. Such 

research as exists did not use an identical dietary treatment for the control group. 

Hence, non-specific treatment effects could not be determined; and neither could 

the practice effects of repeated use of standard measures be controlled. 

Other methodological weaknesses and technical problems in this research relate to 

subject selection, dietary and food challenge procedures and cognitive assessment. 

Some studies have "selected subjects to fit the test" on a post-hoc basis using the 

dependent measure, hence choosing the "best performers" and thereby 

confounding the dependent and independent variables. Furthermore, there have 

been widely different criteria by which problem behaviours are used to define 

subject samples, with some studies selecting subjects based on a broad spectrum of 

irritable, aggressive and oppositional behaviours. Other studies have not 

adequately eliminated foods that have been suggested to be common aggravators 

of behavioural reactions. Some of the earlier studies used diet replacement designs 

which make double-blind conditions difficult to achieve. A further major 

weakness has been that most studies have only assessed behavioural changes and 

not cognitive changes. 

The present study employed a controlled experimental design using a double

blind cross-over (reversal) of active and placebo capsule challenges to compare the 
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effects of food substances on two groups of matched food sensitive children. The 

experimental group of 16 behavioural reactors was selected on the basis that their 

clinical histories appeared to meet the DSM-III-R criteria for ADHD and that their 

behavioural ADHD symptoms increased with administration of known food 

substances. The control group consisted of 16 children with somatic symptoms of 

food sensitivity. Subjects were selected from an original pool of 363 children who 

attended the Royal Prince Alfred Hospital Allergy Consulting Service between 

1984 and 1994. There was extensive matching of subjects for demographic and 

developmental characteristics in addition to food sensitivity variables. 

In order to measure food effects, performance on behavioural ratings and cognitive 

tests following challenge with the active substances was compared to performance 

on the same measures following placebo challenge. Behavioural ratings consisted 

of the Conners' Parent Rating Scale and the experimenter's observations of ADHD 

behaviours during the two assessment visits. Three cognitive tests were used - the 

Continuous Performance Test, the Stroop Color and Word Test and the Controlled 

Oral Word Association Test. 

The results of this study provide support for significantly increased hyperactive, 

impulsive and inattentive behaviours following active food challenge conditions 

compared to placebo in the behavioural group but not in the control group. These 

significant food effect differences between groups were indicated by parents ' 

ratings (the Conners' Hyperactivity Index score was significant at the p = 0.049 

level) and by the experimenter's ratings of ADHD-type behaviours during 

assessment visits (p = 0.024). The results also suggest there were clinically 

significant food effects for the behavioural group on the Hyperactivity Index. 

Their mean T score was nearly one standard deviation higher under the active 

food challenge condition (T score of 70.94) than under the placebo condition 

(T score of 79.37). There were no treatment order effects or any interaction effects 

which would have qualified these findings. 

There appeared to be a dissociation between behavioural and cognitive effects of 

foods in that none of the cognitive tests detected significant food effect differences 

between groups. It remains to be investigated whether other tests or larger sample 

sizes are needed to detect cognitive changes. For the time being, however, the 
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present results do not support the hypothesis that the specific kinds of cognitive 

functions which were investigated in this study are affected by foods. 

Two subsidiary analyses were also conducted to make sure there were no 

consistent trends amongst more homogeneous groups. First, those eight 

behavioural children who were assessed by multiple raters to have experienced a 

positive reaction ("food reactors"), and their matched control subjects, were 

compared to those eight children who had less obvious reactions ("non-reactors"), 

and their matches. The aim was to explore whether the non-significant cognitive 

effects of the main analysis would hold in this smaller but more homogeneous 

sample. The results were consistent with the main analysis, supporting the notion 

that, even in children who had severe behavioural reactions, no cognitive changes 

could be detected. 

The second subsidiary analysis consisted of a comparison of 10 behavioural 

subjects who met clinical criteria for ADHD and 6 non-ADHD behavioural 

subjects. The aim was to assess whether these two groups showed similar food 

effects. The results were consistent overall with the main analysis and suggest that 

non-ADHD and ADHD subjects had similar adverse behavioural reactions to 

foods, in the absence of consistent cognitive changes. Further, the non-ADHD 

children's scores were elevated into the clinical range for the Hyperactivity Index 

during adverse food reactions (97th percentile) whereas they were in the normal 

range under placebo conditions (61st percentile). 

Food and behaviour research went through an early phase of activity in the 1970s 

and is again becoming the focus of some interest. The present study is the first of 

its kind to demonstrate a behavioural food effect. It paves the way for further 

work in this area and, for the present, makes some recommendations for use of a 

rigorous "mixed" research design which involves use of appropriate control groups 

and includes assessment of each subject's food reactions as part of a carefully 

controlled elimination diet and double-blind placebo-controlled challenge 

protocol. It adds weight to the rationale of using diet as an adjunct to treatment in 

those children who have ADHD-type behavioural problems related to food 

sensitivity . 
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Chapter 1 

INTRODUCTION 

1.1 Overview and Terms 

The relationship between food substances and disruptive behaviour in children is still 

largely unknown territory. The basic hypothesis investigated in this study involves the 

proposition that, in susceptible (food sensitive) individuals, certain active food 

substances can give rise to adverse effects on behaviour or aggravate pre-existing 

behavioural problems involving hyperactivity, impulsiveness and inattention, such as are 

evidenced in Attention-deficit Hyperactivity Disorder (ADHD). 

ADHD is a severe form of disruptive behaviour disorder which is defined by the 

Diagnostic and Statistical Manual - Third Edition - Revised (DSM-III-R) as having the 

essential features of "developmentally inappropriate degrees of inattention, 

impulsiveness and hyperactivity". Children with ADHD are considered to "generally 

display some disturbance in each of these areas but to varying degrees". A range of 

symptoms is usually manifested pervasively "in most situations" (American Psychiatric 

Association, 1987, p.50). Symptoms are required to be present before the age of seven 

years. ADHD is a common childhood disorder. Reported prevalence rates in children of 

primary-school age across various studies range from 3-5% (Barldey, 1990). 

It is important to differentiate ADHD from other childhood problems that may mimic 

some of the features of ADHD when selecting subjects for research. Children from 

disorganised or stressful family environments or with parent-child interaction problems 

may appear to have difficulties with attention and organisation of behaviour. Mood 

disorders may involve some features of ADHD, such as psychomotor agitation and 

inattention, as may various anxiety and adjustment disorders. There is a high co

morbidity of Specific Learning Disabilities in ADHD children. Barkley (1990) estimated 

that approximately 20-50% of ADHD children also evidence learning disabilities. 

Children who have learning disabilities, in the absence of ADHD, may also display poor 

attention in contexts they find difficult to cope with due to deficiencies in educational 

skills (e.g. in the classroom, with homework). There is also a high co-morbidity in ADHD 

of appositional Defiance Disorder (ODD), estimated to occur in up to 65%; and Conduct 

Disorder (CD), estimated to be found in 45-50% (Barkley, 1990). Further, children with 

ODD and CD, in the absence of ADHD, may show cognitive and behavioural signs of 

inattention, impulsivity an hyperactivity, and it is important to differentiate such cases in 

experimental research (White, Moffitt, Caspi, Bartusch, Needles, & Stouthamer

Loeber, 1994). 

1 
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Reliable estimates of behavioural food sensitivity in children are difficult to obtain. A 

considerable number of parents report ad verse behavioural reactions to active food 

substances (in the present study, the term "active food substances" refers to those 

substances that have been identified as provoking food sensitivity reactions in individual 

reactors). Such observations tend to be disregarded by the medical profession. Rona and 

Chinn (1987) found that approximately 3% of UK children aged 5 to 11  years were 

regarded by their parents as food sensitive and were on restricted diets. The prevalence 

rates may be higher if mild to moderate food sensitivities are included. Typically the 

severity of food sensitivity decreases with age, often settling markedly by the age of 5 

years (Ferguson, 1992). This has also been documented for ADHD-type symptoms 

related to foods, which are most prominent in young children, and decrease in severity 

throughout primary school (Harley, et aI, 1978; Kaplan, McNicol, Conte, & Moghadam, 

1989) . Similarly, ADHD children tend to show maturational effects throughout 

childhood and adolescence. It is now known that about 66 to 90% of children with 

ADHD no longer manifest clinical levels of ADHD symptoms in adulthood (Mannuzza, 

Klein, Bessler, Malloy, LaPadula, 1993; Weiss, Hechtman, Milroy, & Perlman, 1985) . 

Typically the picture is that the overt motor hyperactivity characteristically seen in 

ADHD children is less obvious in adults, event though subjective feelings of restlessness 

may continue. However, it is more common for marked residual symptoms in 

inattention as well as some difficulties with impulsivity and maintaining routines to 

persist into adolescence and adulthood (Fischer, Barkley, Edelbrock, & Smallish, 1990). 

This chapter discusses the differences between true "atopic" allergy and food intolerance, 

reviews the findings of diet and behaviour studies, and summarises the cognitive and 

behavioural features of ADHD with a view to establishing theoretical underpinnings for 

the present study. It also evaluates the methodological weaknesses in previous food 

effects research in order to establish a methodological rationale for the present study. 

1.2 Historical Background to the Food-Behaviour Hypothesis 

Behavioural food reactions in children were first proposed early this century (Duke, 1921; 

Shannon, 1922). The most publicised proponent of the food-behaviour hypothesis, 

Feingold (1975), claimed that artificial food colours, additives and naturally occurring 

salicylates produced behavioural reactions in ADHD children. He asserted that more 

than half of the ADHD children who adhered to his elimination diet had marked 

improvements in hyperactivity; and furthermore, considered that some became so 

sufficiently symptom-free as to fall within the normal range. Originally the Feingold diet 

(or Kaiser-Permanente diet) excluded salicylates only. Aspirin is part of this family of 
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compounds, which are natural food chemicals found in high concentrations in many 

foods, in particular acidic, flavoured fruits and vegetables. It was later discovered that 

salicylate-sensitive patients also reacted with similar symptoms to food colouring agents 

such as tartrazine (yellow food colour). This cross-reactivity was used to add artificial 

colours and flavours to the list of excluded foods, which was soon also to include other 

artificial food additives such as preservatives. 

However, a recent assay of the salicylate contents of foods suggests that the Feingold diet 

contained some foods high in salicylates (Swain, 1988). Another issue raised by Swain 

(1988) was that salicylates were a marker for other naturally occurring, potentially irritant 

food substances that also co-occur in these foods. Hence, the total active chemical load of 

these foods could be high. Another important consideration was that individuals may 

ingest relatively high doses over a continuous period, leading to cumulative toxicity 

effects and chronic symptoms. Feingold hypothesised that behavioural food reactions 

were pharmacological in nature, rather than allergic, since there was cross-reactivity to 

chemically dissimilar compounds and since diet infringement led to rapid deterioration 

in behaviour (within approximately 3 hours). He also believed that prolonged use could 

permanently injure the nervous system (Feingold, 1977, cited in Lipton, Nemeroff, & 
Mailman, 1979). This latter claim is an overstatement of his argument since all the 

empirical evidence suggests adverse food reactions are transient in nature. 

The empirical research generated in the wake of Feingold's claims generally found little 

support for them and led to their rejection by the scientific community (see Conners, 

1980a, 1980b; Kavale & Forness, 1983; Mattes & Gittelman, 1981, for reviews). 

Nevertheless, there was a small minority of preschool and younger children 

(approximately 5 to 10% - Conners, 1980a, 1980b) who showed behavioural improvement 

on elimination diets (see also Rippere, 1983, and Weiss, 1985, for more positive reviews). 

In general, changes tended to be noted on behavioural ratings and not cognitive 

measures. When behavioural changes were documented they tended to be small and 

could not be considered clinically significant (Barkley, 1988a). As a result a National 

Advisory Committee on Hyperkinesis and Food Additives (1980) of the US Nutrition 

Foundation concluded that the studies to that date refuted Feingold's hypothesis. Two 

years later a National Institutes of Health Consensus Development Conference (1983) 

reached a similar conclusion. However, it recognised that the Feingold diet appeared to 

reduce hyperactive behaviours in a small group of children who suffered from ADHD 

symptoms and criticised published studies for their inadequate methodology. 
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1.3 Food Allergy Versus Food Intolerance 

Food allergies, also known as atopic reactions, are immunological reactions mediated by 

IgE (or Immunoglobulin-E) antibodies to one or two particular food proteins. They 

usually occur in children with eczema, and the most common food allergens are egg, 

cow's milk and peanuts (although a child may also be allergic to other foods e.g. fish). In 

highly sensitive children acute reactions can be provoked, producing itching and 

swelling around the mouth, vomiting, diarrhoea hives, swelling, and breathing 

difficulties including asthma. At the extreme, this may progress to life-threatening 

systemic shock (anaphylaxis). Diagnosis is made by careful clinical history, detection of 

specific IgEs by skin prick tests or RAST blood tests, and supervised food challenges if in 

doubt (Bindslev-Jensen, Dkov, Madsen, & Poulsen, 1994). The proportion of atopic 

("allergic") reactions in ADHD children is approximately the same as in the general 

population (Graham, 1989; McGee, Stanton, Sears, 1993): however, in some research the 

rates of allergy are higher in ADHD children (Tryphonas & Trites, 1979). 

Food intolerance (or food sensitivity) on the other hand involves non-immunological 

reactions to food substances, including both natural and added food chemicals (Swain, 

1988). It may involve many foods and individuals often react idiosyncratically in that 

both the specific symptoms and the particular food substances that trigger reactions vary 

from patient to patient. The onset of reactions can be from 30 minutes to 36 hours after 

eating a problem food (Swain, 1988). The response tends to be dose related and is 

frequently cumulative. The person becomes symptomatic when they reach their 

threshold level for the substance. Blood and skin prick tests are not useful for identifying 

problem foods. Food intolerance can therefore only be assessed by means of an 

appropriate elimination diet and challenge protocol. Typical symptoms of food 

sensitivity are broader than in food allergy and include migraine, recurrent hives, non

specific rashes, airway irritability (e.g. rhinitis, asthma), mouth ulcers, nausea, myalgia 

(fatigue and irritability), and musculoskeletal aches (Loblay and Swain, 1986). Food 

allergy and intolerance may co-exist. In these cases clinical evaluation and dietary testing 

is especially difficult. Each aspect may require separate attention. 

The usual procedure followed by the Royal Prince Alfred Hospital Allergy Service for 

evaluating adverse food reactions is: careful clinical history, skin prick tests, and an 

elimination diet including challenges with a range of substances to test for food 

intolerance. Challenge result studies have found salicylates to be the most common in 

provoking hyperactive symptoms in children, with 74% of challenged children reacting; 

followed by preservatives, 51%; and colours - 50% for red colour erythrosine and 43% for 

yellow tartrazine (Swain, 1988). 
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1.4 Underlying Mechanisms for Behavioural Food Reactions 

The neural substrate for behavioural food reactions is unknown at present. Certainly 

there are some well recognised effects of natural food constituents on central nervous 

system functioning (refer to Leprohon-Greenwood & Anderson, 1986, and Lieberman & 
Wurtman, 1986, for reviews). It is well known that ingestion of amine rich foods in 

patients receiving mono-amine inhibitors for depression may cause hypertensive 

reactions that may progress to death. Migraine can be precipitated by foods such as 

chocolate. The amino acids tryptophan and tyrosine have been related to certain 

behavioural and neurochemical effects. 

There is also limited animal research on the action of food additives on neural 

functioning. Shaywitz, Goldenring and Wool (1978) found increased motor activity in 

neonatal rats exposed to red food colour at doses estimated to represent average human 

consumption, which decreased with maturity. Red food colour can increase 

acetylcholine release into neuromuscular synapses that is dose-dependent (Augustine, 

1980). Colours appear to alter membrane transport systems and uptake of 

neurotransmitters (Kaplita and Triggle, 1982). In humans, normalisation of EEGs was 

reported in 9 of 20 children with behaviour disorders while they were on an elimination 

diet (Kittler & Baldwin, 1970). 

There is still debate as to whether the underlying mechanisms in food insensitivity are 

pharmacological or immunological. A relatively persuasive case has been proposed for 

the former (Loblay & Swain, 1986; Swain, 1988). While there are some behavioural 

markers (Le. dyscontrol, impulsiveness) suggestive of cortical functions being transitorily 

affected in behaviourally food sensitive children, it is difficult to draw conclusions about 

specific neurotransmitter systems involvement. It is still also an open question as to how 

foods affect the catecholaminergic mechanisms implicated in ADHD. 

1.5 Previous Studies 

Diet studies can be categorised into three main types of methodologies: 

• "Uncontrolled, open clinical trials" in which subjects undertake an elimination 

diet that excludes active food substances, and improvements in symptoms are 

compared to baseline symptoms while the subjects are on their normal 

(Le. pre-trial) diets. 
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• "Diet replacement studies" where subjects undertake an experimental 

elimination diet which excludes active food substances, and a control diet 

which includes active food substances. Symptoms on the experimental diet 

are expected to be improved compared to the control diet and the baseline, 

pre-trial diet. In this kind of research, there are two kinds of dietary 

proced ures used: 

a full-diet replacement protocol, where the entire nutrient intake is 

manipulated by providing all meals for the family; and 

parent-controlled elimination diets, where the parent is given dietary 

schedules which specify permitted and
' 

excluded foods. The 

experimental and control diets are designed to be equally restrictive. 

• "Placebo-controlled challenge studies", where children are challenged with 

active food substances and placebo substances while they are maintained on 

an elimination diet which excludes active food substances. Hence, the 

challenge results are conducted against a "clean" diet background. The 

symptoms following the active challenge are compared to those following 

placebo challenge (which are expected to be less severe). The challenge 

protocol used in challenge studies of these kinds is of three types: 

Masked food challenges in which active food substances or food additive 

chemicals are disguised in other whole foods such as mashed potato, 

orange juice or chocolate cookies. 

Capsule challenges which contain active freeze-dried whole food 

substances. 

Capsule challenges which contain active purified food extracts or food 

additives (as was the case in this study). 

Diet replacement and challenge studies involve two further methodological elements: 

• "Double-blind" order in which the subjects undertake the two diets (in the case 

of the diet replacement methodology), or are administered active and placebo 

challenges (in the case of the challenge methodology). That is, neither the 

subjects, parents or experimenters are aware of the order of diets or challenges. 

• "Crossover" of the food status conditions so that each subject receives both 

diets (experimental or control), or challenges (active or placebo). This provides 

a within-subject repeated-measures factor whereby subjects' reactions on the 

control diet (in diet replacement studies) or the placebo food challenge (in 

challenge studies) act as controls for their reactions under the experimental 

diet, or active food challenge condition (Hills & Armitage, 1979). 
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The principal diet replacement and challenge studies are summarised in Table 1.1. 

Generally, random allocation of subjects to treatment orders was employed in these 

studies, resulting in counterbalanced order (i.e. half of the subjects received one food 

status condition first and the other condition second, while the other half of subjects 

received the opposite order). 

Various methodological limitations are evident in the food-behaviour research. These 

can be summarised as follows. Studies used within subjects, repeated-measures designs, 

or had weaknesses in the use of control groups. Subject selection has occurred post-hoc 

and has been based on varying criteria in different studies. Much of the research has not 

investigated cognitive functions. The main methodological weaknesses in food effects 

research with children are reviewed in this section, according to the type of diet study 

methodology. 

1.5.1 Uncontrolled Studies 

There are some uncontrolled studies that have reported improvement in baseline 

hyperactive and disruptive behaviours when children were placed on elimination diets 

(Brenner, 1977; Cook & Woodhill, 1976; Salzman, 1976). However, without a double

blind placebo-controlled introduction of the sensitivity producing foods it is not possible 

to assess whether improvements were due to placebo effects or the non-specific treatment 

effects due to taking part in therapeutic interventions. For instance, children may receive 

additional attention from experimenters and at home, or families may focus on 

significant issues related to the children's problems behaviours. Placebo effects have 

been suggested as accounting for up to 35% of behavioural changes during diets 

(Fennema, 1984). 

1.5.2 Diet Replacement Studies 

Conners, Goyette, Southwick, Lees and Andrulonis (1976) used an experimental diet, 

based on the Feingold (or Kaiser-Permanente) diet which excluded artificial colours, 

flavours and naturally occurring salicylates. A double-blind, crossover design was used 

with a group of hyperactive children. Their results were mixed, with the older, primary 

school children not showing behavioural or cognitive food effects. The younger children 

did, however, show significantly less ADHD-behaviour problems on the experimental 

diet than the baseline or control diets as indicated by teacher ratings, but not parent 

ratings. This study was criticised because behavioural effects were found primarily on 

behavioural ratings rather than in laboratory testing and since possible raters may not 

have been blind to the interventions. In addition, there was a significant treatment order 

effect that confounded results, in that the experimental diet had an effect when it 

followed the control diet. 
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DIET REPLACEMENT STUDIES 

Studies 

1. Conners et al. 
(197 6) 

2 Harley et al. 
(197 8) 

3. Kaplan et al. 
(19 89 ) 

Study Design 

Double-blind crossover of; 
Kaiser - Permanente (KP), 
i.e. "Feingold experimental" diet; 
and control (C) diets. Diets 
controlled by parents. 

Double-blind crossover of KP 
and control (C) diets. Total diet 
replacement provided for 
families. 

Double blind crossover of: 
Alberta Children's Hospital Diet 
(i.e. "simple-foods diet" - more 
restrictive than KP diet); and 
control d iet.  Total diet 
replacement provided for 
families. 

TABLE 1.1 PRINCIPAL DIET STUDIES 

Subjects Measures 

15 ADHD's, aged 6-12. T e a c h e r s '  and p arents' 
behavioural ratings on Conners' 
10-item Hyperkinesis Index. 

36 ADHDs aged 6-12 and 10·
ADHD preschoolers. 10 class
mate "controls" (behavioural 
measures were gathered for 
controls through stud y but·
cogniti ve tests were only 
obtained at end of baseline diet .

period; controls received no 
dietary intervention). 

Teachers' and p arents' 
behavioural ratings on 
Conners' 10-item Hyper
kinesis Index. 
Behavioural observations in 
laboratory and school. 
Cognitive tests of attention, 
reaction time and motor 
m-ordination. 

24 ADHD preschoolers, aged 3 1 - Parents' behavioural ratings 
years 6 months - 6 years. o n  C on n e r s' 1 0- i tem 

Abbr eviated Symptom 
Questionnaire (ASQ). 

- Sleep and physical symptom 
monitoring. 

- Cognitive tests. 

Diet Effect Findings 

Teachers' ratings showed significant 
improvements on KP diet. But only 2-4 out of 15 
subjects showed marked changes; and parents' 
ratings were not significant. Treatment order 
effects confounded study (predicted effects only 
found in C-KP order). 

For older group, all measures were non
significant. 

For younger group (i.e. preschoolers): 
- parents' behavioural ratings were significant; 
- results on 3 cognitive test were in the 

opposite direction to predictions; 
- all other measures were non-significant. 

Treatment order effects confounded the study 
(predicted effects only found in C-KP order). 

Parent's ASQ showed: significant improvements 
on experimental diet; and consistent food effects 
for half of sample. Night awakenings and sleep 
onset problems were significantly improved. On 
cognitive tests, subjects proved to be untestable. 
No treatment order effects were found. 
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CHALLENGE STUDIES 

4. Conners et 
al. (1980a) & 
(1980b), 
and Goyette, 
Conners, 
Petti, & 
Curtis (1978) 

5. Harley, 
Matthews,& 
Eichman 
(1978b) 

6. Levy et al. 
(1978) 

7. Williams et 
al. (1978) 

Double-blind challenge with 
colours masked in cookies, and 
KP elimination diet protocol. 
• Study (i) 

- 13 mg colour -
double crossover. 

• Study (ii) 
- 26 mg colour -

single crossover. 
• Study (iii) 

- 26 mg colour -
double crossover. 

Double-blind, multiple crossover 
with colour challenge of 27mg 
per day, and KP elimination diet. 
Total diet provided for families. 
Double-blind crossover with 
tartrazine (yellow colour) 
challenge - 1mg per day, masked 
in biscuits. 

• Study (i) 
16 ADHDs, aged 6-12, 
selected those with 25% 
improvement in ADHD 
symptoms on KP diet. 

• Study (ii) 
13 ADHDs aged 6. 

• Study (iii) 
30 ADHDs, replication of 
study (ii). 

9 most severely ADHD boys 
from Study No 2 . Mean age 9.3 
years. Control group as per 
Study 2. 
22 ADHDs aged 4-8. 

Double blind crossover of 1 26 ADHDs aged 6-14. 
colours masked in cookies and 
stimulant medication. Conditions 
used were: 
A. medication + placebo cookie 
B. medication + active cookie 
C. placebo medication + 

placebo cookie 
D. placebo medication + 

active cookie. 

- Teachers '  and parents '  
behaviour ratings (Conners' 
10-item Hyperkinesis Index) 

- Cognitive test - Computerised 
Visual-Motor tracking task 
(VMT) 

As per Study 2. 

• Study (i) 
Behavioural ratings were non-significant. 
VMT results showed impaired performance 
for easy and hard conditions, but sub analysis 
of 3 most marked behavioural reactors 
showed impairment only on the hard task 
and for 3 hours after active challenge. 

• Study (ii) 
Significant parent behavioural ratings were 
obtained in the 3 hours following challenge. 

• Study (iii) 
Behavioural changes were reported to be non
si��icClflt in 3-hours following challenge. 

All measures were non-significant. 

- Parents' behaviour ratings - - Significant parents' behavioural ratings. 
Conners' 10-item Abbreviated - Non-significant cognitive measures, even in 
Symptoms Questionnaire. subsidiary analysis of 13 most marked 

- Cognitive tests (simple CPT, behavioural reactors. 
line drawing, motor-accuracy, 
figur e-g round, aud itory 
sequential memory, WISC 
Animal House and Mazes). 

- Parents' behavioural ratings -
Conners' ll-item, 40-item and 
96-item Parent Rating Scales. 

- Teachers' behavioural ratings 
- Conners' ll-item and 40-
item Teacher Rating Scales. 

Both Parents and Teachers detected stimulant 
effects on behaviour (stronger than diet effects). 
Teacher ratings were significant for diet when no 
stimulant medications were administered (D>C); 
and of 8 diet responders, 7 fell into normal range 
with diet. Parents' ratings were non-significant 
but weak positive changes were reported. 
Concluded: diet plus stimulants may be the best 
therapeutic combination. 
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8. Swanson& 
Kinsbourne 
(1980) 

9. Weiss et al. 
(1980) 

10. Mattes& 
Gittelman 
(1981) 

11. Egger et al. 
(1985) 

12. Pollock & 
Warner 
(1990) 

13. Carter et al. 
(1993) 

14. Rowe& 
Rowe (1994) 

Double-blind crossover with "20 ADHDs"(mean age 10 years) 

I 
Cognitive learning task - Paired 

higher doses of colours - 100mg selected on basis of favourable Associate Learning Test (PALT). 
and 150mg challenges. stimulants response history 

compared to 20 "stimulant non
responders". Selection not based 
on rigorous diagnostic criteria -
both groups had elevated scores 
on Conners' H�eractivity Index. 

Appeared to show more errors for ADHD group 
after active colour challenge than placebo. But 
study was criticised for possible learning and 
fatigue effects on PALT. 

Double-blind multiple crossover 
challenge. Food colours masked 
in soft drink. But placebo 
included cranberry juice colour. 

22 preschoolers (mean age 2.10 
y e a r s ) .  H e t e ro g e n eous 
behaviour problems group 
whose parents believed them to 
be food sensitive. 

Parents' behavioural ratings -I Only 2 of 22 subjects were reactors, and only one 
Conners' 10-item Hyperkinesis of these was marked. 

Double-blind crossover, and KP 
elimination d iet.  Colour 
challenge masked in cookie. 
Daily doses increased during 
challenge week Jr_�J:I\ 13 :J6 mg. 
Double-blind crossover of 
various active food substances 
and placebo, and "few-foods" 
elimination diet. Challenges 
masked in non-inert foods. 
Double-blind double-crossover 
of 125mg of colours. 

Double-blind crossover of 
various active substances, and 
"few foods" elimination diet. 

Double-blind crossover of food 
colours at increasing doses lmg-
50mg tartrazine (yellow), and 
"food additives" elimination diet. 

11 subjects, aged 4-13; 
6 apparently ADHD. 

28 ADHDs (high proportion -
42% - were atopic), identified by 
double-blind diet history as 
behavioural food reactors. 

19 ADHDs aged 3-15, identified 
only by parental report as 
behavioural food reactors. 
19 ADHDs aged 3-12 years, 
identified by double-blind diet 
trial as behavioural food 
reactors. 

54 heterogeneous subjects with 
various behavioural reactions 
whom parents reported were 
"Likely" behavioural reactors. 
Bu t diet history was not assessed 
by food challenges and 
behavioural reactors were 
selected post-hoc. 

Index. 

Parents' behavioural ratings -
Conners' Parent Rating Scale. 
Teachers' global ratings. 
Clinician's global ratings. 

- Parents' behavioural ratings -
Conners '  Hyperactivity 
Index. 

- Psychologist'S global rating. 
- Cognitive tests ( not cited). 
Parents' behavioural ratings -
Conners' Hyperactivity Index. 

- Parents' behavioural ratings -
Conners' Hyperactivity 
Index. 

- Psychologist's global rating. 
- Cognitive tests - Paired 

Associate Learning Test 
(PAL T) and M atching 
Familiar Figures Test (MMFT) 

- 30-item Rowe Behavioural 
Inventory (BRI). 

- Parents' behavioural ratings -
Conners' Abbreviated Parent
Teacher Questionnaire 

All measures were non-significant. 

- Significant parents' and psychologist's ratings. 

- Cognitive test results were non-significant. 

Significant parents' ratings. 

- Significant parents' ratings. 
- Significant psychologist's ratings. 
- Cognitive tests: PAL T results were non-

significant and MMFT showed significantly 
decreased latency to first response (increased 
impulsivity), and increased errors. 

Appeared to show significant increases in 
behavioural problems on BRI and Conners. 
Statistical testing was problematic, as was 
selection of groups on a post-hoc basis. 



A study that substantially improved on the methodology and dietary procedures of this 

earlier study was conducted by Harley et aI. (1978). The entire nutrient intake was 

manipulated by providing all meals for the families in specially unmarked packaging. 

They found no behavioural or cognitive effects for the older, primary-school children. 

However, in preschool children they did find significant parent behavioural ratings 

indicative of food effects. Again, this study was open to criticism for a similar treatment 

order effect to that found in Conners et aI. (1976). More recently, Kaplan et aI. (1989) 

replicated the findings in preschool children, using a diet replacement methodology 

where all food was provided for families. Significant behavioural food effects were 

found on parents' ratings and there were no confounding treatment order food effects. 

Consistent with predictions, compared to the baseline diet, more than half of these 

children showed improvements on the experimental diet and no improvements on the 

control diet. 

1.5.3 Challenge Studies 

Challenge studies can provide more rigorously controlled double-blind administration of 

active and placebo food substances than food replacement studies. Positive behavioural 

food effects have been reported in single-case studies with food sensitive children who 

display predominantly hyperactive features (Mattes & Gittelman-Klein, 1978; Rose, 1978). 

However, when researchers have attempted to replicate their findings with larger groups 

of subjects, the results have been mixed, with some finding no significant behavioural 

improvements (e.g. Harley, Matthews, & Eichman, 1978; Harley et aI., 1978; Mattes & 
Gittelman, 1981; Weiss et aI., 1980). On the other hand there have been a number of other 

studies that have suggested active food substances can produce detectable behavioural 

problems in ADHD children (e.g. Pollock & Warner, 1990; Rowe & Rowe, 1994; Williams, 

Cram, Tausig, & Webster, 1978). A disadvantage of single-case methods, as with all 

within subjects research, is that practice effects on standard tests and behaviour rating 

scales cannot be assessed. 

A new genre of challenge studies has found significant behavioural food effects (Carter 

et aI., 1993; Egger, Carter, Graham, Gumley & Soothill, 1985). A strength in these studies 

is that they have selected subjects on the basis of idiosyncratic food sensitivity history. 

They used a few-foods diet to identify children whose hyperactive symptoms improved. 

For these diet-responders they reintroduced foods one at a time to identify offending 

foods (those producing adverse reactions). These foods were then used in a crossover 

design to assess food sensitivity under challenge versus placebo conditions. They 

reported significantly more hyperactivity following active challenges than placebos. 

However, improvement was measured by parent ratings, not objective psychological 

testing in Egger et al. (1985). The more recent study (Carter et aI., 1993) added 
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psychological testing to parent reports in a similar challenge design. They found no 

evidence of significant food effects on the Paired Associate Learning Test. They did find 

significant effects on the Matching Familiar Figures Test (MMFT). There were significant 

differences on MMFf latency scores and error scores (measures of impulsive responding) 

following active challenges compared to placebos. However, whether this test is an 

adequate measure of impulsivity can be questioned. Its construct validity is also 

unproven (Block, Gjerde, & Block, 1986; Solis-Camara & Solis-Camara, 1987; Stoner & 
Glynn, 1987). It has often failed to find significant differences between ADHD and 

normal children and it is insensitive to stimulant effects (BarkIey, DuPaul, McMurray, 

1990). It suffers from less than adequate reliability in primary school children (Mess er & 
Brodzinsky, 1981). 

1.5.4 Experimental Designs 

There is considerable confusion created by authors using the term "experimental research 

design" when they are, in fact, referring to extensions of the single case method to 

multiple subjects, rather than "between-groups experimental" research that uses a control 

group as a benchmark for behavioural reactors (Kazdin, 1982). As a result of not 

adopting a between-groups design, most research in this field lacks appropriate clinical 

control groups. Single-case research is of value in investigating certain aspects of food 

reactions (e.g. for detecting diet-responders in clinical settings). However, without a 

control group which does not manifest ADHD-type behavioural reactions or significant 

pervasive ADHD features, research cannot assess practice effects and non-specific 

treatment effects. 

A review of the literature found only two experimental studies using a rigorous between

groups experimental design (Harley, Matthews, Eichman., 1978, and Harley et aI., 1978). 

A small sample of 10 normal classmates of the ADHD subjects, matched for sex, grade 

and perceived academic ability, were selected as controls. Food effects were investigated 

by a diet replacement methodology in Harley et aI. (1978) using the Kaiser-Permanente 

diet and a control diet that included active food substances. A challenge methodology 

was used in the second smaller study of 9 ADHD subjects and 10 control subjects. The 

controls in both studies did not, however, receive any dietary or challenge treatments so 

the impact of non-specific treatment effects was unknown. 

In summary, all studies to date, except for those of Harley and his colleagues, have used 

children with varying degrees of pervasive ADHD symptoms as controls, or children 

with a variety of behavioural problems (mostly in order to control for treatment order 

effects). Hence, it is unclear whether the changes on standard tests and questionnaires 

might also occur in children whose food sensitivities are primarily manifested in effects 
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other than disruptive behaviour. In contrast, the present study used a control group of 

somatic reactors without ADHD symptoms who provided a valuable contrast to the 

ADHD group. It was hypothesised they would experience minimal effects of challenge 

foods on central nervous system functioning since the primary manifestation of their 

food sensitivity was physical symptoms. Somatic controls were tested under matched 

clinical conditions, in order to control for non-specific treatment effects and practice 

effects. 

This thesis adopts the view that the most rigorous form of empirical validation of the 

food-behaviour hypothesis needs to include a between-groups dimension, and 

accordingly a "mixed" design is employed. Certainly there are disadvantages to the 

between groups method. Most notably that such studies may be relatively insensitive in 

detecting the food reactions of individual food-sensitive children (Rippere, 1983), 

however, this can be partly ameliorated by sample selection of known diet responders. 

An advantage of such between-subjects studies is that, if effects are indeed detected, 

more confidence can be had that the effect is a genuine food effect and not due to other 

factors; and, in addition, they provide a stronger basis for further scientific research. 

1.5.5 Procedural Limitations 

A major criticism of some of the studies in this area is that the doses of active food 

substances have been too low to produce noticeable
, 
food sensitivity reactions. For 

instance, Goyette, Conners, Petti and Curtis (1978) used only 13 mg of colours in one of 

their studies and Levy et al. (1978) used only 1 mg of colours. Sobotka (1976) has 

estimated that an average child's consumption of colours was likely to be 75 mg per day, 

and maximum levels could be as high as 315 mg. Indeed, Swans on and Kinsbourne 

(1980) used higher doses (100mg and 150mg) of food colours to provoke an apparent 

cognitive response on a paired associate learning task. However, their results have been 

criticised for apparent test fatigue and practice effects (Wend er, 1980). The present study 

adopted doses closer to children's average daily intakes than many other studies 

(e.g. a colour challenge contained 60 mg of colours). 

Many studies have been criticised in that they targeted single classes of food substances 

(e.g. colours or preservatives) when there is evidence that most children with behavioural 

disturbances are sensitive to more than one class and the effects can be additive (AlIen, 

Van Nunen, Loblay, Clarke & Swain, 1984; Egger et al., 1985; Loblay & Swain, 1986; 

Swain, Soutter, Loblay, Truswell, 1985). Research has often failed to take account of such 

concomitant sensitivities. Indeed, there is little consistency about the foods eliminated on 

the various experimental diets. Further, various studies may have included potentially 

active substances in the placebos, such as fruit juices and chocolate, so that truly inert 
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control substances were not used and unrecognised food sensitivities were involved 

(e.g. Carter, et aI., 1993; Conners et aI., 1976; David, 1987; Egger et aI., 1985; Weiss et aI., 

1980). Finally, food sensitive children are idiosyncratic with respect to their reaction to 

particular food substances (Swain, 1988). The present study tailored the treatment 

conditions to the individual food re activities of each child, in conjunction with a double

blind capsule challenge design and an elimination diet that has been well-researched so 

as to eliminate all suspected active food substances and additives. 

1.5.6 Subject Selection 

Subject selection has also been problematic in this area. Firstly, some studies have used 

broad definitions of behavioural food reactions (e.g. Rowe & Rowe, 1994). Such studies 

attempted to measure what has broadly been referred to as the "allergic tension-fatigue 

syndrome" (Speer, 1958), which may include many signs of emotional, irritable or 

aggressive / oppositional disturbances. Such criter� can be criticised for being overly 

inclusive and imprecise. The measures used to assess these criteria have unknown 

validity and reliability (e.g. the Rowe Behavioural Rating Inventory - Rowe, 1988; Rowe 

& Rowe, 1994). By contrast, the present study confined itself to assessing food effects on 

ADHD-type behaviours. An advantage is that, by restricting investigation to the much

researched ADHD syndrome, there is greater predictive power and promise for 

designing treatments for these clients. In addition, more precise operational definitions 

can be developed for use in the selection of subjects and the assessment of food effects. 

Second, weaknesses are evident in assessment of ADHD diagnosis in food reactors. 

Many have included children with heterogeneous disruptive behaviours. Further, they 

have not clearly differentiated between subjects who have been diagnosed as valid cases 

of ADHD (ie. those who show pervasive ADHD symptoms, both on and off their diets), 

and those who can be classified as "pseudo-ADHD" (ie. those who display clinical levels 

of ADHD symptoms only when they react to foods). The heterogeneous subject samples 

made it difficult to detect treatment effects. The current study distinguishes children 

who show behaviour problems characteristic of ADHD in conjunction with food 

sensitivity from those who meet the DSM-III-R criteria in that they display ADHD 

behaviours even when their diet is controlled. 

Third, some research failed to select behavioural reactors based on careful evaluation of 

food sensitivity. For instance, parental reports based on impressions of what foods 

children typically appeared to react to have been used to select "behaviourally food 

sensitive" children (e.g. Pollock & Warner, 1990; Rowe & Rowe, 1994). Other early 

studies (e.g. Conners et aI., 1976) selected ADHD children but did not carefully establish 

prior food sensitivity. This may have led to non-significance of food effects on the 

14 



statistical tests because food effects in food sensitive ADHDs may have been 

"submerged" by lack of food effects in non-food sensitive ADHDs. In contrast, the 

present study included only those behavioural reactors who were assessed by pre-trial 

challenges and elimination diet as being food sensitive. 

Fourth, some studies selected their behavioural reactors post-hoc. For instance, Rowe 

and Rowe (1994) used a behavioural rating inventory to select the most severe reactors 

after the experiment was conducted. They also used the same measure as the outcome 

measure, thereby confounding the dependent and independent variables. The present 

study, in contrast, identified behavioural food reactors beforehand by food challenge 

trials and careful clinical history. 

1.5.7 Measures Used to Assess Food Effects 

Much of the research has not included objective testing of cognitive functions. Most 

studies have focused on behavioural changes related to diet, as rated by parents in the 

home setting or teachers' reports of behaviour in the school environment. Of the 14 

principal studies reviewed in Table 1.1, seven used some kind of cognitive testing. Of 

these, three did not support a cognitive food effects hypothesis (Harley, Matthews, & 
Eichman, 1978; Harley et aI., 1978; and Levy et aI., 1978). One found younger children 

untestable (Kaplan et aI., 1989). The remaining three provided limited but mixed 

support. The study of 16 ADHDs reported in Conners (1980a, 1980b) and in Goyette , 

Conners, Petti, and Curtis (1978) found significant effects on a visual-motor tracking task 

requiring attention but only for a short time after active challenges were administered 

(up to 3 hours). Carter et aI. (1993) reported effects on the Matching Familiar Figures Test 

but not the Paired Associate Learning Test. Swans on and Kinsbourne (1980), on the other 

hand, did find apparent food effects on this latter test, but their results may have been 

affected by fatigue and practice effects. 

1.5.8 Summary of Research 

Diet studies lend some support for the proposition that behavioural food reaction can be 

produced by certain food substances in food sensitive children. It appears that younger 

children have more marked reactions and that parents detect these more readily than 

teachers. These reactions are relatively transient probably peaking within 3 hours. 

Cognitive effects, such as have been reported, are not detectable after this time. Sufficient 

doses of active food substances are required to produce detectable reactions and the 

present study adopted doses closer to the estimated average daily intakes than many 

other studies. 
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1.6 Cognitive and Behavioural Features of ADHD Children 

In the decade of the 1970s motor hyperactivity, as the hallmark symptom of the ADHD 

syndrome, was replaced by problems with attention span and impulse control (Barkley, 

1990; Welsh, 1994). Children with ADHD were shown to have great difficulties on tasks 

assessing vigilance or sustained attention (Douglas, 1972; Douglas & Peters, 1979), and 

impulsive responding (Campbell, Douglas, & Morgenstern, 1971). 

However, more rigorous studies failed to find sustained attention problems under some 

experimental conditions (Douglas, 1983, 1988; Draeger, Prior, & Sanson, 1986). For 

instance, while ADHD subjects have near-normal performances on vigilance tests under 

continuous and immediate reinforcement schedules, their performance deteriorates 

under partial reinforcement schedules (Freibergs & Douglas, 1969; Parry, 1973). Further, 

ADHD subjects show a greater deterioration in sustained attention than normals, but 

only when slow signal- (event-) presentation rates are used (Sergeant & van der Meere, 

1989). Electrophysiological recordings (e.g. event related de synchronisation measures) 

taken during CPT tasks show ADHD subjects have less electrocortical activity during 

slow event-rate tasks (van Winsum, Sergeant, & Geuze, 1984). This is consistent with the 

notion that they have difficulties in activation of attention (Pribram & McGuinness, 1975). 

Furthermore, when the speed-accuracy tradeoff is manipulated by emphasising speed, 

ADHD subjects are found to show slower reaction ti�es than normals (Sergeant & 
Scholten, 1985). Hence, they appear to have difficulties in activation of attentional 

resources over time, especially under conditions involving low levels of feedback or 

reinforcement, leading to failure to maintain performance on tasks of sustained attention. 

That is, ADHD is hypothesised to be more of an output problem than an input or 

attentional problem (Douglas, 1983, 1985; Sergeant & van der Meere, 1989; Sagvolden, 

Wultz, Moser, Moser, & Merkrid, 1989). 

Whatever the underlying mechanism in ADHD, the outcome is that ADHD subjects tend 

to show poorer output on vigilance tasks under the kinds of conditions used in the 

present study, as indicated by slower reaction time in detecting targets (Sergeant & 
Scholten (1985); errors of commission (indicating lapses in sustained attention and 

impulsive responding - Sykes, Douglas, & Morgenstern, 1973; Sykes, Douglas, Weiss, & 
Minde, 1971); and errors of omission (indicating lapses in sustained attention - Barkley, 

Grodzinsky, & DuPaul; Douglas, 1983). ADHD subjects' output performance decreases 

relatively early on in long vigilance tasks and then stabilises; normals, on the other hand, 

have a constant output (Sykes, et al., 1971, 1973). 

16 



The mechanisms leading to poor sustained attention are still the subject of debate. One 

prominent view is that the core deficits in ADHD may be motivational mechanisms 

involved in maintenance of sustained effort over time. Barkley (1990) has raised the 

possibility that ADHD is primarily a motivational disorder in that these children's 

behaviour appears to be relatively insensitive to regulation and maintenance by 

consequences (punishment and rewards) and, hence, deficits are seen in rule-governed 

behaviour (Le. these children have difficulties in adhering to rules, directions, 

instructions). As such, the contingencies between antecedents, behaviours and 

consequences specified in rules constructed by caregivers and the community do not 

have the same discriminative stimulus value for these children as for normals (Skinner, 

1969). 

The motivational theory of ADHD appears to be consistent with neuroanatomical studies 

that suggest there is decreased activation of the brain reward centres and their frontal 

cortico-limbic regulating circuits in ADHD children (Lou, Henriksen, & Bruhn, 1984; Lou, 

Henriksen, Bruhn, Berner, & Nielsen, 1989) and adults (Matochik, Liebenauer, King, 

Szymanski, Cohen, & Zametkin, 1994; Zametkin et al., 1990). It is also consistent with 

the body of research that suggests the catecholaminergic pathways are chiefly involved 

in regulating locomotor behaviour and incentive or operant learning implicated in 

ADHD (Beninger, 1989; Heffner, HelIer, Miller, Kotake, & Seiden, 1983; Robbins, Jones, 

& Sahakian, 1989). This theory also accounts for the ef�icacy of psycho stimulants which 

are known to increase the amount and duration of synaptic catecholamines (mainly 

dopamine and norepinephrine) (Seiden, Heffner, & Miller, 1989; Shaywitz, Shaywitz, 

Cohen, & Young, 1983). Lastly, this theory has good prescriptive power in suggesting 

treatments for ADHD, and indeed some of the parent training and educational 

treatments based on this model are promising (Pollard, Ward, & Barkley, 1983; Barkley, 

1987). 

An alternative to the biobehavioural view, although by no means a contradictory one, is 

offered by the newly emerging neurocognitive models. They have their source in the 

work of Douglas (1972, 1983, 1988; Douglas & Peters, 1979). Executive functions, such as 

planning, organisation, inhibition of maladaptive responses, self-monitoring, and flexible 

use of mental strategies (Lezak, 1983) are now being implicated in ADHD (Barkley et al., 

1992; Grodzinski & Diamond, 1992). These functions are being recognised as beginning 

to develop in infancy and continuing to develop throughout the life-span (Welsh & 
Pennington, 1988; Welsh, Pennington, & Groisser, 1991). Many of the standard cognitive 

tasks are argued to reflect the influence of executive control functions. For instance, the 

continuous performance test used in this study, is argued to require the ability to 

maintain a mental set of the numbers that constitute the target to be responded to 

(Welsh, 1994). 
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Most of the tests that are being shown to discriminate between ADHDs and normals 

have in common the assessment of the ability of the child to inhibit motor responses on 

demand, especially while being required to perform a corn peting response. Such 

response inhibition is thought to be mediated by the orbital-prefrontal and medial

prefrontal areas and their rich connections to the striatum (Boucagnani & Jones, 1989; 

Mattes, 1980). Such regions have been also implicated in the behavioural impulsivity and 

dyscontrol seen in frontal lobe injuries (Benson, 1991; Heilman, Voeller, & Nadeau, 

1991). There are correlates to ADHD in that these regions have also been implicated in 

lowered cortical activity in ADHD subjects (Lou et al., 1984, 1989). 

1.7 Measures Used in This Study 

1.7.1 Cognitive Measures 

There are a number of problems with selecting appropriate cognitive tests for children 

seen in dietary clinics. These are still early days for the assessment of executive and 

higher-level cognitive functioning in ADHD children. Tests are being normed and 

validated and it will still be some time before this emerging testing technology can be 

reliably applied to measuring specific cognitive functions. At this time tests have less 

than ideal construct validity, hence, there are difficulties in inferring what cognitive 

abilities the tests are actually testing. For younger children in particular some tests may 

be developmentally inappropriate. In addition, there are difficulties in developing tests 

that have ecological validity for assessing behavioural food reactions. Namely, although 

behavioural reactors are often reported by parents as experiencing marked increases in 

food-related problems with excessive motor activity, impulsiveness and inattention in 

their natural environments, it may be difficult for the currently available tests to simulate 

natural conditions sufficiently to detect such problems. 

Nevertheless, the behavioural similarity between ADHD and behavioural food reactions 

argues for an investigation of those cognitive functions that have been identified to 

differentiate ADHDs from normals. The present study draws on the research into 

cognitive deficits reviewed in this chapter; in particular the study of Grodzinsky and 

Diamond (1992) who found that a range of tests of executive functioning and of attention 

discriminated between ADHD and normal boys aged 5 to 11 years. A discriminant 

function analysis indicated that the tests which contributed most to distinguishing 

between the two groups were errors of commission ("false alarms") and omission 

("misses") on the Vigilance test of the Gordon Diagnostic System (GDS); and the 
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Interference subtest on the 5troop test. These two tasks were selected for the present 

study. The Controlled Oral Word Association Test also showed significant differences 

between ADHDs and normals and was added to the present study due to its brevity. 

More specific details of the tests used in this study and their psychometric properties are 

discussed in Section 3.4.2. 

1.7.2 Behavioural Measures 

A difficulty in choosing parents' behavioural rating scales for food research is that 

measures may not be sensitive to food related ADHD-type reactions. The Conners' 

Parent Rating Scale (CPRS) has been extensively used in screening for ADHD and 

assessing stimulant effects. The 10-item Hyperactivity Index actually contains a mixture 

of behaviours indicative of oppositional and conduct problems and learning difficulties 

(i.e. it loads on the Conduct Problems and Learning Problem factors). Another difficulty 

is that many forms of this measure are reported in existing studies, making comparisons 

difficult. Further, various authors do not specify which normative data was used for 

calculating scores and, hence, the assessments may be unreliable (Barkley, 1990). 

Nevertheless, the CPRS is the best recognised scale for rating treatment outcomes and 

was considered to be the most suitable for use in the present study. Behavioural 

measures used for assessing food effects are discussed in more detail in Section 3.4.1. 

1.8 Rationale for the Present Study 

The present study was undertaken in order to establish a sound methodological basis to 

research employing a mixed (between-groups within-groups) experimental design for 

the determination of food effects on ADHD behaviours in an experimental and a control 

group of food sensitive children. All subjects maintained a well-researched elimination 

diet and a capsule challenge methodology was used to assess food effects. The between 

groups design has not been used in this context prior to this study and, as such, it is 

hoped that it will represent a significant contribution to empirical research methodology 

in this field. A double-blind reversal (or "crossover") design was used to investigate 

within-groups effects (active capsules were administered to half of the subjects in the 

order - active followed by placebo, and to the other half in the reverse order). This 

design controls for non-specific treatment effects, experimenter and parental bias, and 

practice effects, which are likely to have influenced many earlier studies. 

An experimental group (children whose sensitivities to food show up in impulsive, 

hyperactive and inattentive behaviours) was compared to an appropriate control group 

(children whose food sensitivities show up in somatic symptoms). It is essential to assess 
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food effects with reference to children who fall well within the normal spectrum for these 

problems in order to provide a true "benchmark" for the behavioural reactors. This study 

is the first to use a control group of somatic-symptom reactors who are in the normal 

range for ADHD symptoms to investigate the effects of food sensitivity. As such, it fills a 

need for empirical validation of long-held claims that behavioural changes can occur as 

part of adverse food reactions. 

Importantly, prior to selection in the study, history of food sensitivity was established by 

double-blind placebo-controlled challenge, which is necessary to avoid criticisms related 

to post-hoc subject selection. That is, it is vital to avoid "selecting to test" or choosing 

those subjects who perform best on dependent measures after the experiment is 

conducted since this would be committing the error of confounding independent and 

dependent variables of interest. Selection based on prior food sensitivity history is also 

important since many early studies have assumed that food effects can be detected 

amongst the ADHD population in general, when in point of fact, the indications are that 

there is a subset of ADHD's who are also food sensitive and food effects are best 

investigated in this subgroup. 

Additionally, to date, there are only limited numbers of studies that adequately assess 

cognitive effects of diet treatments, as well as behavioural effects. Such studies as exist 

provide mixed results. Moreover, some of the cognitive tests that have been used can be 

criticised for uncertain validity and low reliability. 

The most relevant measures for assessing hyperactive, impulsive and inattentive 

behavioural food effects were parent observations of changes from the Conners' Scale 

Hyperactivity Index supplemented by the experimenter's observational ratings of ADHD 

behaviours during assessment visits. To investigate cognitive effects of food sensitivity, 

three tests (CPT, Stroop and COWAT) were considered most suitable. These measures 

were chosen because they have been successfully used in research to differentiate ADHD 

and normal subjects and since behaviourally food sensitive children are reported to have 

food reactions that mimic the behavioural features of ADHD (Le. inattention, 

impulsiveness and hyperactivity). 

It is anticipated that this thesis will provide some guidelines for a routine assessment 

protocol that may prove to be of value both in future research and in monitoring the 

course of elimination diets in a more systematic manner in clinical settings. 
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Chapter 2 

AIMS AND HYPOTHESES 

2.1 Aims 

The current body of research lends some support for the hypothesis that food 

can induce hyperactivity, impulsivity or inattention in children. However, 

findings have been mixed, with the balance of earlier studies not providing 

consistent evidence of food effects. In part, contradictory results may stem from 

the special technical problems and methodological inadequacies in this area of 

research. In particular, there has been a void in research employing a between

groups experimental design with appropriately selected groups and a capsule 

challenge protocol. The present study set out to improve on assessment 

methodology and empirically test whether a food effect could be demonstrated. 

The principal aim was to investigate whether there are food effects in children 

who show two distinct types of food sensitivity - behavioural reactions (the 

experimental group) or somatic reactions (the control group). More specifically, 

food effects were investigated by assessing whether 'there were cognitive and 

behavioural differences associated with systematic manipulation of food status 

(active challenge versus placebo). It was predicted that the behavioural group 

would show food effects whereas the control group would not, since the 

measures of interest specifically assessed hyperactive, impulsive and inattentive 

behaviours. Further, it was predicted that if genuine food effects were 

operating, the differences in performance on active as compared to placebo 

administrations would not be influenced by the order in which capsules were 

given (i.e. there would be no treatment order effects). 

The terminology used here relating to food effects can now be defined as 

follows. "Food effect" is used throughout this thesis in a relatively general way 

and its meaning can be gained from the context. The specific term "food status 

effects" refers to the differences between active and placebo capsule 

administrations. The specific term "group by food status" (or "group x food 

status") refers to the statistical interaction which directly tests food effects: that 

is, the difference between the active and placebo capsule administrations as 
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between the two groups. To simplify reporting in this study, this specific term is 

used interchangeably with the more general term "food effects differences 

between groups". 

2.2 Hypotheses 

The experimental hypotheses that follow were developed from the existing food 

sensitivity and ADHD literature as described in Chapter 1 and were designed 

for directly assessing behavioural and cognitive food effects. Experimental 

hypotheses are written in the alternate form when differences between the two 

groups are expected (Hypotheses 1 and 2). When no group differences are 

expected, the hypothesis is written in the null form (Hypothesis 3). For 

statistical testing however, by convention, all hypotheses are tested against the 

null hypothesis that there are no significant food effect differences. The 

statistical testing is relatively complex since interaction effects between variables 

are used to interpret experimental results. Detailed discussion can be found in 

Section 3.5. For now, the hypotheses are stated in a general form. 

Main Hypothesis 

Hypothesis 1: There will be significant food effect differences between groups. 

This means that there will be significantly greater impulsive, 

hyperactive and inattentive behaviours noted by parents and 

the experimenter and / or significantly more difficulties on tests 

of cognitive functiOning (which indicate sustained attention, 

focussed attention, verbal generativity, impulsive responding 

and related functions) when subjects are administered active 

capsules than placebo capsules, for subjects in the experimental 

group compared to those in the control group, with no 

differences between treatment orders (active or placebo capsules 

given first). 

Subsidiary Hypotheses 

Hypothesis 2: Non-significant cognitive effects specified in Hypotheses 1 will 

be significant amongst "positive food reactors" compared to 

their matched control subjects. That is, those subjects who met 

additional operationalised criteria suggesting that behavioural 
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food reactions had actually occurred after the administration of 

active capsules and not the placebos (see Section 3.2.4), will be 

subjected to the analysis used for Hypothesis 1 for cognitive 

measures. The aim of this hypothesis is to assess whether any 

cognitive effects that are not significant for the entire sample are 

more pronounced in a more homogeneous subs ample of 

subjects who are judged to have actually reacted behaviourally. 

Hypothesis 3: In the behavioural group, there will be no differences to the 

effects found in Hypothesis 1 between 10 subjects who fully 

meet ADHD criteria and those 6 non-ADHD subjects who are 

reported to show ADHD-behaviours only when provoked by 

foods ("pseudo-ADHDs"). That is, the aim of this hypothesis is 

to assess whether non-ADHD and ADHD subjects have similar 

behavioural and cognitive changes related to foods. 

Assumptions 

It was assumed there would be no specific environmental changes that would 

significantly alter subjects' basic levels of hyperactivity, attention or impulsivity. 

Therefore, providing the assessment measures were reliable and valid, no 

extraneous uncontrolled changes were expected to affect any subject's 

performance. It was also expected that the control group would function as a 

true control group in that they would have low levels of problems with 

hyperactivity, inattention and impulsiveness. Further, the two-week "wash-out" 

period between assessments was assumed to be sufficiently long to prevent 

carry-over effects due to administration of active capsules at the first assessment. 

In addition, random variations for the behaviours and cognitive functions of 

interest were expected to be constant for each subject, hence resulting in no 

uncontrolled error contributions to placebo measures. 

Summary 

For the study to demonstrate the predicted food effects, it was hypothesised that 

there would be significantly more behavioural and / or cognitive deficits for the 

experimental group under active challenge conditions than placebo conditions 

when compared to controls. Minimal deficits were expected for the control 

group under either condition. Treatment order effects were predicted to be non

significant. 
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Chapter 3 

METHOD 

3.1 Overview of Experimental Design 

The present study compared two-groups of food sensitive children (behavioural 

reactors versus somatic reactors) for the effects of food substances on cognition and 

behaviour on two separate visits. The design involved a double-blind cross-over 

(reversal) for each child of two treatment conditions (active food challenge and 

placebo). The treatment order in which children in each group received their capsule 

challenges was counterbalanced so that half received an active challenge followed by 

a placebo and the other half received the reverse order. The study design is 

illustrated in Figure 3.1. 

There were three assessment visits over a 4 week period. At the first visit, 

assessment of behavioural and learning problems was made by parental interview 

and questionnaires, and a teachers' questionnaire. Assessment of cognitive and 

educational functioning was also undertaken. The pre-study diet was reviewed and 

advice was given on the dietary protocol to follow during the study. Then a two 

week period was included to allow for participants to establish satisfactory 

compliance with the diet. At the second visit, tests of attention and verbal fluency 

were used. Parents and the experimenter also rated behaviour changes. These 

measures were taken shortly after subjects were given their first capsules. Most 

behavioural subjects' food reactions were known from their prior challenges to reach 

maximum severity within 2 to 4 hours and the experimental assessment was timed 

to capture reactions at their peak. Similarly, parents were asked to rate their children 

at their peak and complete the behavioural questionnaire immediately when the 

reaction was finished. The third visit was conducted 2 weeks later to allow for a 

"washout period" for resolution of symptoms (i.e. to avoid a carryover effect due to 

the first capsules). It involved administering the second capsules and repetition of 

the measures used at the second visit. At the end of the study, before parents were 

told what challenges were administered, they rated their awareness of the challenge 

procedures in order to provide a check on adequacy of blinding. 
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This chapter presents the methodology used in subject selection, measures used in 

investigation of food effects and at the initial screening assessment, the 

administration procedures for measures and concludes with a detailed examination 

of the experimental hypotheses tested in the present study. There is some degree of 

repetition of content because it was considered important to state explicitly how the 

measures have applicability to the study of adverse food effects and since the study 

was an exploratory one in that it was trialing the use of this assessment protocol for 

future research and clinical application. 

3.2 Subjects 

3.2.1 Description of Subjects 

Subjects were 32 primary school children who had attended the Royal Prince Alfred 

Hospital Allergy Consulting Service between 1980 and 1994. Their ages ranged from 

6 years one month to 11  years 11 months with a mean of 8 years 7 months. Children 

were assessed from July 1994 onwards and so they had all received at least 6 months 

of Kindergarten and were able to complete the simple reading tasks required. The 

sample consisted of more boys (22 subjects or 69%) which was consistent with the 

preponderance of males who present at the clinic for behaviour problems as well as 

the reportedly greater prevalence of ADHD in males (Barkley, 1990). Subjects were 

identified as having either predominantly behavioural reactions (inattention, 

impulsiveness, hyperactivity) or somatic reactions to foods. Food challenge histories 

had been established so that specific sensitivity-provoking substances were known. 

3.2.2 The Two Groups 

The behaviour-problems group (behavioural reactors) consisted of 16 children with 

behavioural problems related to diet. File data was used to select children who 

appeared to meet DSM-III-R criteria for ADHD (ie. attention deficits, impulsivity, 

and hyperactivity) . However, since substantial numbers of children were reported 

to show markedly worse behavioural problems consistent with the ADHD diagnosis 

which were limited to when they infringed their diet, the term "behavioural reactors" 

was preferred in referring to this group. Based on the initial screening assessment, 

there were 10 behavioural subjects (62%) who were found to suffer from behavioural 

problems even though they were on the diet, and had pervasive problems in a 

variety of settings consistent with an ADHD diagnosis. They were included in a 

subsidiary analysis of ADHD subjects. 
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The somatic control group (somatic reactors) consisted of 16 children who presented 

with somatic symptoms of food sensitivity, including skin rashes, hives (urticaria), 

eczema, irritable bowel syndrome, and rhinitis. This group acted as a control group 

since it was hypothesised that sensitivity to food chemicals affecting central nervous 

system mechanisms implicated in cognitive dysfunction in the behaviour problems 

group were not a feature of this group. Subjects who had somatic symptoms 

affecting the nervous system (e.g. migraine) were excluded. 

Although there was overlap in symptoms for some clinic-referred children in the 

original pool of potential subjects, a group of children could be identified whose 

sensitivity to food substances more commonly involved physical symptoms rather 

than behavioural disturbances. Those children who appeared to have both somatic 

and behavioural ADHD-type symptoms were excluded. They were classified as 

"mixed reactors". Some somatic reactors had minor degrees of irritability, however, 

the primary manifestation of their food sensitivity was physical symptoms according 

to parental report prior to the study and as also validated by parental report during 

the study on the daily food and symptom diaries. Such symptoms did not preclude 

subjects from being selected for the somatic group nor were they of interest in 

establishing membership of the behavioural reactors group. 

3.2.3 Subject Selection 

In overview, subject selection and experimentation was conducted in five stages. 

Figure 3.2 outlines the numbers retained and excluded at each stage and Appendix B 

gives more details . Subjects were prescreened by telephone and at the initial 

assessment so that those with major medical, neurological, psychiatric and 

developmental conditions were excluded. The initial assessment also facilitated 

exclusion on the basis of low cognitive functioning (estimated IQ below 80). 

Stage 1: File Census 

A comprehensive file census of all patients presenting between 1984 and 1994 

identified a total of 363 potential subjects. Of these, 221 cases were excluded. The 

main exclusionary criterion for each patient was noted: 36% were not contactable or 

lived outside the catchment area (Sydney, New South Wales Central Coast or 

Illawarra region); 20% did not have sufficient data to establish a history of food 

sensitivity, had not trialed the diet protocol or were found to be not food sensitive; 

and 7% had trialed the diet but were not sufficiently diet compliant to enter the 
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FIGURE 3.2 SUBJECT SELECTION STAGES 
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study. In addition, 6% had unclear or "mixed" reactor problems and allocation to 

one or the other group would have been difficult (this included patients who did not 

meet the behavioural problems criteria e .g.  they had learning difficulties, 

oppositional behaviours or irritable behaviours only) . A further 6% had major 

medical, neurological, psychiatric or developmental conditions, including low 

assessed IQ « 80) . Another 5% had unavoidable migraine to foods and, since this 

condition could be argued to affect the central nervous system in ways that mimic 

attention problems, they were excluded. For ethical reasons, 3% who had a history 

of severe atopic allergic reactions or severe food sensitivity reactions were excluded, 

including angioedemal anaphylaxis (e.g. swelling), or severe eczema. Similarly, 17% 

who had apparently moderate to severe asthma were excluded for ethical reasons. 

Included in the study were children who experienced only mild to moderate asthma 

as previously assessed on a test of airway hypersensitivity after inhaled histamine 

(the Histamine Inhalation Test). 

Stage 2: Invitation to Participate 

The remaining 142 children's parents were sent invitations to participate in the study 

which were followed up by telephone contact. At this stage, 96 subjects were 

excluded. The major factor was respondent reluctance to comply with study 

requirements: 22% stated inconvenience or personal factors; 9% experienced food 

reactions they considered to be too severe to undertake the study; and 1% refused to 

withdraw stimulant medications. The others were excluded for reasons similar to 

those in Stage 1: 21% were not contactable or lived outside the catchment area; 27% 

did not have sufficient data to establish food sensitivity accurately; 7% had trialed 

the diet but were considered to be not diet compliant; 9% had an unclear or "mixed" 

profile; and 3% had major conditions or illnesses. 

Stage 3: Matching of Subject Pairs 

There were 46 patients available for matching. Matching was undertaken first by sex 

and age and then by food substances (see Section 3.3). Ten subjects were excluded 

since they had no suitable match (7 behavioural males and 3 somatic females). 

Stage 4: Initial Assessment Nisit 1) 

After the initial assessment a low dropout rate was experienced. There were only 4 

dropouts (11% of those assessed at the initial assessment). One case was excluded 

due to low estimated IQ two due to illness and one due to reluctance to continue 

due to severe behavioural problems. 
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Stage 5: Capsule Challenges <Visits 2 and 3) 

During the challenge stage there were no dropouts. 

3.2.4 Subject Selection for Subsidiary Analyses of Behavioural Food Reactors 

and ADHD Subjects 

Behavioural Food Reactors Subanalysis 

Since not all behavioural subjects demonstrated a clear reaction to the capsules, it 

was of interest to conduct a subsidiary analYSis of those subjects who did 

("behavioural food reactors") and compare the results to the eight "non-reactors". 

Matched subjects were included to provide a control group. 

A "positive" behavioural food reaction was considered to have occurred if the subject 

met at least two of the following four criteria (refer to Appendix A for data on each 

subject). Their matched control subjects were not required to meet any of these 

criteria. 

1. A marked change on the experimenter's ratings of ADHD-type behaviours 

during assessment. These ratings were based on the same four 

behavioural categories that parents used in the food and symptom diaries 

(i .e .  hyperactivity, inattention, difficulty with instructions and 

impulsiveness) . They were developed from DSM-III-R and DSM-IV 

symptoms and typical ADHD behaviours described by BarkIey (1990). 

Each category was rated O-none, 1-mild, 2-moderate, 3-marked or 

4-severe, yielding a total possible score of 16. The total summed score was 

calculated for active and placebo conditions. The cut-off for this criterion 

was a difference score of at least 3 in the correct direction (active minus 

placebo). 

2. A significant change on the DSM-III-R ADHD Rating Scale. This criterion 

was met if there was an increase of at least one standard score from the 

placebo to the active condition. Standard scores were obtained by 

converting raw scores to z scores based on the normative data available 

for this instrument (DuPaul, 1990; reviewed in Barkley, 1990). An 

alternati ve would have been to select subjects if they increased their level 

of symptom severity (e.g. from none to mild) however the results of the 
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two methods were nearly identical and the standard score method was 

considered to be more reliable. 

3. A positive global assessment by parents of the order in which they 

believed the active versus placebo capsules had been administered on the 

Parents ' Impression Rating which was completed before they were 

advised about the order. This criterion was met if the parent reported the 

correct order in which the child was given the capsules and not met if the 

parent indicated the incorrect order or was not sure. 

4. The dietitian's assessment that a reaction had occurred. This was based on 

symptoms recorded by parents in daily food and symptom diaries. The 

criterion was met if the dietitian's decision was in the correct order. In 

those cases where a subject had a reaction on one occasion and not the 

other the result was clear-cut. In the case where reactions were reported 

on both occasions, the reaction with the active capsule was required to be 

clearly more severe than that with the placebo capsule. 

These criteria have the advantage of having been obtained from multiple informant 

sources (parents, dietitian and experimenter). They are considered to be relatively 

strict and resulted in half of the subjects being selected for the subsidiary analysis. 

ADHD Subjects Subanalysis 

A second subsidiary analysis was undertaken to test whether any significant food 

effects would hold equally well for ADHD and non-ADHD behavioural subjects 

since, in the latter group, food effects would indicate that even children who do not 

meet clinical ADHD criteria may display significant increases in behavioural 

abnormalities during adverse food reactions. Ten subjects (62%) fully met the 

ADHD diagnostic criteria of DSM-III-R on the basis of an agreed diagnosis between 

paediatrician and investigator obtained at the initial interview. The non-ADHD 

comparison group consisted of the remaining 6 behavioural subjects who were 

reported to have only temporary ADHD symptoms during adverse food reactions 

("pseudo-ADHDs"). It included one subject whose ADHD was considered to be in 

remission. 

There was good concordance between clinician's diagnoses and the CBeL Attention 

Problems dimension and the DSM-III-R ADHD Rating Scale completed at the initial 
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visit. Nine subjects had scores for the CBCL Attention Problems dimension that 

were in the top 5% (T-Score of 67 or more). One subject had a T-Score of 65. On the 

ADHD Rating Scale seven of the ten subjects had clinical levels of symptoms (more 

than 8 out of 14 DSM-III -R criteria). Another subject did not meet the cut-off since 

the Rating Scale appears to have low sensitivity for distinguishing ADD without 

hyperactivity (DSM-III-R ADD Undifferentiated type) . The teachers' CTRS 

Hyperactivity Index ratings had low sensitivity in detecting subjects assessed to have 

ADHD and was not used for subanalysis selection. 

3.3 Procedure 

3.3.1 Independent Variables 

The experimental variables of interest were: 

• Group of reactor - behavioural or somatic. 
• Treatment order - Treatment Order 1 was active challenge at Visit 2 

followed by placebo at Visit 3 and Treatment Order 2 was the reverse. 

• Food status - the two conditions (active challenge and placebo) under 

which the child was measured. 

The controlled variables of interest were: 
• Food sensitivity: 

Intensity of food reaction was equated for all children by 

administering those substances which were rated by parents at 

telephone interview as provoking food sensitive reactions at least of 

severity 3 - "marked" or 4 - "severe"; 

Duration of food reaction was yoked together for subject pairs on the 

basis of the behavioural reactor's typical onset time for symptoms to 

the specific challenge substances administered in the present study 

(refer to Appendix A for time intervals and challenge substances 

used) . Most behavioural subjects were fast reactors (n = 15 or 94%). 

Their reactions were reported to start quickly and peak within 2 to 4 

hours. Capsules were administered to capture this reaction window 

and the cognitive assessment was conducted at the peak of the 

reaction. 

The same food challenge substances were administered to each pair, 

so as to provoke an ADHD-type behavioural reaction in the 
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behavioural group and provoke a somatic reaction in the control 

group while at the same time avoid provoking a behavioural 

reaction in the somatic group (see Section 3.3.3 for matching 

procedures). 
• Age - matched across two groups within 6 months, wherever possible (see 

Section 3.3.3). 

• Sex - matched across two groups. 

• Socio-economic status (SES) - controlled naturally by sample selection. 

• Intelligence - subjects below an estimated IQ of 80 were excluded and IQ 

was controlled naturally by sample selection. 
• Learning difficulties - as measured by the minimum score on the Wide 

Range Achievement Test-Revised (WRAT-R) which was controlled 

naturally by sample selection. 

• Major neurological, medical, psychiatric and developmental conditions 

were controlled by subject exclusion. In addition, no subjects had 

neurological sequelae due to pregnancy or birth complications as assessed 

at the initial interview. 
• Medication status was controlled by withdrawing stimulant medication 

for ADHD and bronchodilator asthma medications, which are known to 

act as central nervous system stimulants (see Section 3.3.8). 

Appendix A provides further details of screening and matching variables discussed 

in the current section. Section 4.1 discusses relevant group differences. 

3.3.2 Dependent Variables 

Food effects were investigated by measurement on both cognitive tests and parents' 

behavioural ratings in the natural setting at home during the reactive phase after 

capsule administration as well as by the experimenter's behavioural observations 

during cognitive assessments. Standardised cognitive assessment utilised the 

Continuous Performance Test (CPT), the Stroop Color and Word Test and the 

Controlled Oral Word Association Test (COWAT). The parental questionnaire was 

the Conners' Parent Rating Scale - 48 item version. Experimenter ratings were based 

on the categories of ADHD behaviours developed for the food and symptom diaries. 
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3.3.3 Matching Procedures 

Sex -and age matching was carried out first. It was possible to match 24 subjects 

(75%) within 6 months of each other and 6 subjects (19%) within 9 months. Two 

older female subjects (6%) were within 13 months of each other. Because of the small 

number of females who met behavioural criteria, it was more difficult to get close 

age matches. 

Subjects were then matched for challenge substances. Ideally subject pairs would 

have been matched exactly for a single substance or, even better, all children might 

have been given the same substance. However, this was not possible due to the 

idiosyncratic food reactivity profile of each child and the small subject numbers that 

limited finding such perfect matches. An additional problem was that two somatic 

reactors were reported to show mild ADHD-type behaviours (as well as appropriate 

physical symptoms) to some of the substances that would have been suitable to use 

to provoke a behavioural reaction in their matched subject. As an alternative, 

substances were chosen for each pair so that the somatic reactor would not show 

behavioural reactions characteristic of ADHD and, wherever pOSSible, so that a 

behavioural reactor would not show somatic reactions. For the majority of children 

(18 or 56%) no single substance could be identified that met this criterion. Hence two 

substances were administered to each pair; that is, one substance that would provoke 

a behavioural reaction in the behavioural subject and a second substance that would 

provoke a somatic reaction in the somatic subject in the absence of a behavioural 

reaction (tabled in Appendix A). 

In seeking a suitable substance, the starting point was to select the substance that 

provoked the most severe behavioural reaction or somatic reaction. However, in 

some cases the somatic reactions were so severe that substances provoking less 

severe reactions were used. As a result the substances used in the present challenges 

were predicted to produce almost totally clean somatic symptoms in the somatics 

and behavioural reactions in the behavioural reactors. This appears to have been 

achieved very well overall. One somatic subject (number 25) displayed some 

hyperactive behaviours under the active challenge as indicated by an increase in the 

ADHD Rating Scale standard score. However, the dependent measure of interest, 

the CPRS Hyperactivity Index was only slightly affected and was only at the 50th 

percentile under the active condition. Again, the secondary behavioural symptoms 

of irritability and fatigue were not considered to be of relevance for matching. 
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3.3.4 Allocation to Treatment Orders 

Random allocation to treatment order 1 or 2 was made by the dietitian from the 

regular menu order used by the clinic. The order of substances within the menu was 

set to active challenge followed by placebo or the reverse. Allocation was varied to 

obtain an approximately alternating order for increasing age to ensure that subjects 

were allocated to the two treatment orders so that ages would be equalised in both 

orders. 

3.3.5 Establishing Prior Food Sensitivity History 

Prior food sensitivity had been established by the clinic. This involved establishing a 

baseline of at least two weeks on the Simplified Elimination Diet with five 

asymptomatic days prior to challenge. Challenges were spaced by at least 48 hours 

to allow for delayed reactions. Any positive response to challenge was followed by a 

pause of a further three symptom-free days before administering the next challenge. 

The double blind capsule challenge procedure involved administration of the 

challenges outlined in the Children's Challenge Protocol which have commonly been 

implicated in food sensitivity (e.g. salicylates, amines, glutamates, colours, 

antioxidants, nitrates/ nitrites and preservatives) (set out in Appendix C). Patients 

had been given a full set of these capsules from a menu order which was randomly 

chosen by the dietitian. The order of substances within each menu was set. 

Capsule contents were mixed with golden syrup or pear jam if subjects were unable 

to swallow them whole (younger children tend to have more difficulties with 

swallowing capsules). In some subjects, for whom capsule challenges were not 

practical or feasible, open food challenges were carried out to establish prior food 

sensitivity. Food challenges consisted of specially selected foods that had been 

analysed for their chemical composition to provide "clean" food challenges 

(Le. containing one class of provoking substances) . Although normally food 

sensitivity may be assessed more accurately by capsule challenge than open food 

challenge, if carefully controlled open food challenges are conducted, adequate 

accuracy can be achieved. Food sensitivity was established by capsule challenge in 

fourteen children (44%) with some of these conducting further open food challenges 

to check sensitivity. There were equivalent numbers of subjects who had had 

capsule challenges to establish food sensitivity in the behavioural and somatic 

groups. There were nearly identical numbers of these subjects in each treatment-
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order-by-group cell (4 subjects in the behavioural and somatic treatment order 1 cells 

and 3 subjects in the behavioural and somatic treatment order 2 cells). 

For both capsule and food challenges, daily food and symptom diaries were used to 

record the time, type and quantity of food intake. If a reaction occurred, the types of 

symptoms, their intensity, the time of onset and the duration were noted. With a 

positive food challenge, parents were recommended to liberalise the diet as 

tolerated. 

3.3.6 Diet Protocol 

The Simplified Elimination Diet was used in the present study (set out at 

Appendix C). This diet protocol has been extensively applied at the Allergy Service 

(Swain, 1988). It is based on elimination of various naturally occurring and artificial 

food chemicals and additives which have been implicated as the most common in 

food sensitivity, as was noted in Section 3.3.5 (Swain, 1988). Those children who had 

been previously identified as sensitive to wheat, milk or egg products excluded these 

on their diets. Each child's idiosyncratic profile of sensitivity-provoking substances 

was obtained from clinical files, confirmed at initial telephone contact by the 

experimenter and checked at the initial interview by the dietitian. Diet compliance 

was assessed in the pre-experimental phase (from file, by telephone and at initial 

interview). The diet protocol to be followed during the study was outlined by the 

dietitian at the initial visit. Those children who had liberalised their diet by allowing 

low levels of salicylates and other sensitivity provoking substances as tolerated were 

asked to restrict their diet to the elimination diet for the study to comply more fully 

with the protocol. Excellent diet compliance was achieved as indicated by the 

dietitian's review of the food and symptom diaries (refer to Section 4.1.1). 

3.3.7 Capsule Challenge Administration 

The Allergy Clinic has an established procedure for conducting placebo and 

challenge trials using opaque capsules that look identical (refer to 3.2.2) . The same 

doses were used as had been used to establish a history of food sensitivity (see 

Appendix A for capsule contents used in the study). Capsules were prepared by the 

pharmacist from purified food extracts and chemicals and placed in small plastic 

containers by the dietitian. The capsules were provided to parents in separate 

envelopes for the two visits. Capsule administration was conducted under a double

blind protocol. However, at the beginning of the study, the experimenter was made 

aware of the capsule order in a small number of subjects (4 behavioural subjects and 
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their 4 somatic controls) due to the complexity of choosing suitable challenge 

substances .  Additional safeguards were taken to increase objectivity of 

measurements (e.g. using standard audio-taped instructions on cognitive test 

administrations - see Appendix E; not providing feedback about challenges to 

parents until completion of all measures; encouraging parents to objectively observe 

their child's behaviour before completing behavioural questionnaires; and providing 

the same written instructions about questionnaires to all parents). 

3.3.8 Study Procedures 

Subjects selected for the study had to be identified during the selection stages as 

being food sensitive; and had to be complying with the established Simplified 

Elimination diet. "Rapid behavioural food reactors" were chosen from file data. 

These subjects had rapid-onset behavioural food reactions. For 15 subjects (94%), 

these were reported to be at their most severe within 2-4 hours. In addition, subjects 

were chosen so that symptoms would clear rapidly (within one week), enabling the 

active and placebo challenges to be administered over 2 one-week periods and 

achieve symptom-free status before the second challenges were administered 

(i.e. avoiding carryover effects due to the first challenges). 

In a few cases the testing interval was extended in order to achieve asymptomatic 

status in somatic controls. Extension was also due in some cases to parental 

difficulties in keeping appointments. Two somatic reactors had an interval of 25 

days and three others had an interval of 21 days. In a few others, the stringent 

requirements of the diet resulted in parents insisting that a shorter interval be 

applied. For one behavioural subject the interval was seven days and for two others, 

11  days. One somatic reactor had an interval of 11 days. In all other cases the testing 

interval was 13 to 17 days (Appendix A). 

Medication status was not considered to have affected experimental outcomes. 

Only five behavioural subjects were medicated with stimulants for ADHD (31%). 

Parents were reminded by letter about medication withdrawal. Parental diaries 

report that these were in fact withdrawn at least two days prior to challenge 

administration, and reinstated the day after, when the food reaction was finished. 

The same withdrawal times and reinstatement times were used on both assessment 

occasions. Furthermore, these parents were instructed to be objective in their 

assessment of behaviours on both challenge occasions. In other words, they were 

instructed that they should be aware of their child's usual background level of 
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pervasive ADHD symptoms and that when stimulant medications were withdrawn 

their child would be likely to show more hyperactive and inattentive behaviours but 

that the aim was to observe whether there was an increase in symptoms above the 

child's natural basal level. This was important since, without medications, a ceiling 

effect for ADHD behaviours would have come into play on the Conners ' 

Hyperactivity Index. It is considered that parents were satisfactorily able to 

distinguish the basal level of ADHD behaviours and able to rate increases in such 

due to food effects. This was suggested by the patterns of symptoms on the ADHD 

Rating Scale at the initial visit and at assessment visits. Namely, compared to the 

baseline initial visit, two subjects (numbers 9 and 14) had lower scores with the 

placebos and higher scores with the active capsules; one subject (number 15) had a 

lower score with the placebo and an equivalent score with the active challenge; and 

two subjects (numbers 5 and 8) had lower scores on both visits. 

Only two behavioural subjects received asthma medications. One subject received 

bronchodilator asthma medication that has a propensity to act as a central nervous 

system stimulant on the day of assessment. However, his diary indicated he 

received a low dose of Bricanyl, five hours prior to assessments, allowing ample time 

for stimulant effects to clear. As a safeguard, parents were reminded by letter not to 

administer stimulant asthma medications prior to testing. Medical clearance for 

subjects with mild to moderate asthma was sought from the paediatrician and 

capsules were administered under medical supervision in the clinic. 

3.4 Measures 

The measures chosen have been used extensively in ADHD diagnosis; as well as in 

the general children's behavioural problems assessment area. The strengths and 

weaknesses of measures are reviewed in Chapter 1 and will only be discussed here 

insofar as they relate to specific issues of reliability, validity, scoring or technical 

aspects of administration . 

Efficacy of assessment of ADHD can be problematic and requires multiple measures 

and informants to be used. The same point applies to food reactions which can be 

subtle in nature and difficult to assess against the child's usual background of 

behaviours. In this section the behavioural and cognitive measures used as 

dependent variables and in subject selection are described and a rationale for their 
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selection is provided. Copies of all measures are found in Appendix D and scores 

are given in Appendix A. Standardised instructions for test administration are at 

Appendix E. 

3.4.1 Behavioural Measures Used to Assess Food Effects 

It is important to note that the dependent behavioural measures used to test food 

effects were not used to select subject groups. Selection occurred on the basis of a 

different source: parental report of the subjects' prior behavioural food sensitivity 

histories. Therefore the problem of "selecting to test" or selecting the best performers 

on the dependent measure post-hoc was considered to have been controlled. 

Naturally, it is to be expected that there would be a positive correlation between the 

ADHD-type behaviours reported by parents for selection and the dependent 

behavioural measures (Conners' Scale and experimenter's rating) since these were 

chosen to measure systematically reported ADHD-type food reactions. That subjects 

were not "selected-to-test" was supported by the fact that there were considerable 

numbers of subjects who did not show clear behavioural reactions in this study. 

Further, the cognitive measures are considered to be independent of behavioural 

ratings. 

Conners' Parent Rating Scale - Revised: 48 Item Version (CPRS) 

The CPRS was used to obtain parental reports of behavioural changes after capsule 

administration. The primary behaviours of interest were those characteristic of 

ADHD, for which the Hyperactivity Index of the CPRS was considered most 

suitable. The CPRS is a widely used measure that was originally developed to help 

identify hyperactive children (Goyette, Conners, & Ulrich, 1978). The Hyperactivity 

Index has 10 questions which provide an overall, empirical assessment of behaviours 

indicative of an ADHD diagnosis. It uses a 4-point scale allowing parents to rate 

how much they think their child is bothered by ADHD-type behavioural problems 

(0 - "not at all", 1 - "just a little", 2 - "pretty much" and 4 - "very much"). T scores are 

used i.e. mean is 50, standard deviation is 10 (refer to Conners, 1989). Conners uses a 

qualitative description for dimension T scores including: 35-39 "Below average", 

40-44 "Slightly below average", 45-55 "Average", 56-60 "Slightly above average", 

61-65 "Above average", 66-70 "Much above average", and above 70 "Very much 

above average". Caution should be exercised in applying these labels since they are 

only approximate guidelines to severity of behaviours. Since behavioural food 

effects often have a fast onset (within hours) and subside within a day or two, as was 

the case with these subjects, the instructions for completing the CPRS were modified. 
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Parents were requested to observe their children carefully; rate symptoms at the 

peak of the reaction in order to capture these at their most severe point; and 

complete questionnaires promptly at the end of the usual reaction time-frame ("when 

the reaction is finished"). 

The psychometrics are adequate (Conners, 1989) . The Hyperactivity Index has · 

interparent agreement of .49 (Goyette, Conners, & Ulrich, 1978). Although no 

studies of test-retest reliability are available for the 48-item version, the 

Hyperactivity Index closely parallels the wording of 10 similar items on the longer 

93-item version scale which has very good test-retest reliability over one year of .70 

(Glow, Glow, & Rump, 1982) . The internal consistency is excellent with an alpha 

reliability coefficient of .92 (Sandberg, Weiselberg, & Shaffer, 1980). 

Construct validity has been demonstrated, firstly, by adequate factorial stability of 

the dimensions comprising the scale (Conners, 1989). Secondly, there is a high 

correlation with other questionnaires which also measure the construct of ADHD, 

such as the Child Behaviour Profile, the forerunner to the Child Behaviour Checklist 

(Achenbach, 1991; Conners, 1973); that is, there is a high correlation between the 

CPRS Hyperactivity Index and the Profile's Attention Problems factor. Thirdly, the 

items that comprise the Hyperactivity Index have been demonstrated by research to 

correlate reasonably well with other symptoms that are used to diagnose the clinical 

syndrome of ADHD (Achenbach, 1991). 

Furthermore, the CPRS has good "discriminant validity", differentiating ADHD 

children from normal groups and learning-disabled groups (Conners, 1989). The 

scale was considered appropriate for measuring food effects since it has been shown 

to be sensitive to stimulant medication (Barkley, 1987, 1988b; Barkley, Fischer, 

Newby, & Breen, 1988; Pollard, Ward, & Barkley, 1983). Scores on this questionnaire 

decline somewhat over repeated administrations (Barkley, 1988b, 1990). However, 

such "practice effects" were controlled by the current design. 

Daily Food and Symptoms Diary 

Parents recorded their child's daily food intake to establish degree of compliance to 

the diet protocol as well as types of symptoms, the time of onset, the duration and 

their intensity on a 5 point scale (0 - none; 1 - mild; 2 - moderate; 3 - marked; 

4 - severe). The diary lists various categories of behavioural and somatic symptoms 

typically shown during food reactions, with operationalised examples within each 
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category. Parents were instructed that the first 4 categories were the main interest in 

charting ADHD-type behaviours. There are two categories designed to tap 

impulsive-hyperactive behaviours (,,1 - Hyperactive" and 4 - "Impulsive") and two 

categories designed for attention problems ("2 - Concentration" and "3 - Difficulty 

with Instructions"). The behavioural examples for the four categories were carefully 

constructed by grouping together typical ADHD behaviours taken from the 

DSM-III-R and DSM-IV criteria and Barkley's (1990) review. Parents were asked to 

make a global assessment of whether each type of behaviour occurred. The child 

was not required to show all examples of the behaviour to be rated as experiencing 

that behaviour. The psychometrics of this measure are unknown however it had 

good face validity and was relatively easy for parents to use in rating behaviours. 

Diaries also provided a measure of overall diet compliance and whether a food 

reaction had occurred after challenge administration in order to select subjects for the 

subsidiary analysis of cognitive effects in "behavioural food reactors" (see Section 

3.2.4). To provide a total diet compliance rating, the dietitian rated each subject for 

each of the three 2-week time periods and averaged her ratings. A four-point scale 

was used: 4 - "strict", 3 - "strict with occasional breaks (i.e. 2 extra food servings not 

permitted on the diet per week), 2 - "moderately strict" (4 extra servings per week or 

1-2 days of infringed diet per week), and 1 - "poor compliance" (i.e. extra servings 

every day). To provide an indication of a "positive" food reaction, the dietitian made 

a dichotomous decision ("yes", "no") of whether food-related symptoms were 

provoked by the capsules. She took into account whether there were any extraneous 

circumstances that may have provoked a response. Finally, the dietitian used the 

diaries to assess whether subjects' basic nutritional intakes were adequate, in view of 

possible concerns that elimination diets may not meet recommended daily 

allowances of essential minerals and vitamins. 

Experimenter's Observations of ADHD behaviours 

The four ADHD-type behaviour categories used in the Food and Symptom Diaries 

were used by the experimenter to rate behaviours during cognitive assessments on 

the same five point scale to yield a maximum possible score of 16. This rating was 

used as a dependent measure of food effects in the main analysis and to select 

subjects for the subsidiary analysis of cognitive effects in "behavioural food 

reactors"(refer to Section 3.2.4). The psychometrics of this measure are unknown, 

however, it was relatively easy for a trained clinician to use since it is consistent with 

DSM-III-R symptoms of inattention and impulsiveness /hyperactivity. 
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Parents' Impression Ratings 

This measure was designed to assess the degree of parental awareness of the 

double-blind conditions of the study. It was also used to give a global measure of 

whether parents could detect the order in which capsules were administered in order 

to select subjects for the subsidiary analysis of cognitive effects in "behavioural food 

reactors" (as discussed in Section 3.2.4) . This measure was completed by parents at 

the end of the study, before they were advised of the capsule challenges that were 

administered .  It gave strong validation of the double blind procedure as is discussed 

in Section 4.1.  

To assess efficacy of pre-study information in maintaining blind conditions, parents 

were asked the question "Before we gave your child the challenges, did you realise 

we were going to challenge your child with an active challenge on one visit and a 

placebo challenge on the other visit?". A S-point Likert visual analogue scale of 

awareness was used (from "0 - Not at all aware" to "4 - very much aware"), with half 

point gradations allowed. To assess whether parents could detect the order of 

administration they were asked "Which order of capsule challenges do you think we 

used with your child?". They were given the options of. "Placebo on visit 2 and active 

challenge on visit 3", "Active challenge on visit 2 and placebo on visit 3", or "Do not 

know" . This question was used to select subjects for the subsidiary analysis of 

"behavioural food reactors". To assess whether the parent continued to maintain 

blind conditions after the capsule challenge phases were commenced, they were 

asked "To what extent did you base your answer to Question 2 on changes in your 

child's behaviour or symptoms?". Again, a 5-point scale with half point gradations 

was used (from "O-Not at all" to "4-Very much"). A low rating would have indicated 

parents had discovered the order of capsules by some unexpected means such as 

inadvertently opening capsules containing colours. 

3.4.2 Cognitive Measures Used to Assess Food Effects 

A pilot study with 8 children obtained through the clinic was undertaken to 

determine the suitability of test materials and administration. These children were 

not used in the actual study. The pilot study led to the modification of the Stroop 

Test so th.at stimulus words were printed in lower case, large letters (16 point 

Geneva), since this better accorded with the children's letter recognition and reading 

practices. The pilot study also confirmed that younger children appeared to be 

capable of completing the cognitive tests. 
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Continuous Performance Test (CPT) 

The CPT measures vigilance or sustained attention and indicates problems with 

impulse control (Barkley, 1990). It is also one of the most reliable cognitive tests for 

distinguishing ADHD from normal children (Douglas, 1983). Errors of commission 

reflect impulsive responding and problems with sustained attention while errors of 

omission assess lapses in sustained attention (Halperin, Newcom, & Sharma, 1991; 

Halperin, Sharma, Greenblatt, & Schwartz, 1991; Sostek, Buchsbaum, & Rapoport, 

1980) . Errors of omission were indicated by a low percentage correct score 

(percentage of targets responded to). Errors of commission were indicated by the 

percentage error score (percentage of incorrect pairs responded to). Reaction times 

were used to assess speed of cognitive processing on correct responses. The CPT has 

adequate test-retest reliability (Gordon & Mettelman, 1988) . It correlates 

significantly with other attention tests (Barkley, 1989); has been used to discriminate 

ADHD from normal children (Barkley et al., 1992; Gordon, 1983; Grodzinsky & 
Diamond; 1992); and is sensitive to stimulant medication effects (Barkley et al., 1988; 

Rapport, DuPaul, Stoner, & Jones, 1986). 

The A-X version was used (Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956), 

which has been adapted by Sydney University to use numbers rather than letters and 

a 5-minute testing time (Whitmont, 1993). Stimuli were 300 numbers presented at a 

rate of 1 per second on an mM personal computer screen. Pseudorandom sequences 

of the numbers 9, 3 and 4 were used. Subjects were required to respond to the 

number 9 followed by a 3. There were 60 such target pairs. Each stimulus was 

displayed for 800 milliseconds with a 200 millisecond delay between stimuli 

presentations. A correct response was recorded if the subject pressed the bar within 

a time window of 1.1 seconds after a target 3 was presented. An error was recorded 

for bar presses within 1 second to an incorrect pair. Repeated bar presses within 

time-windows were ignored by the programme. 

Stroop Color and Word Test (Stroop Test) 

The Stroop Test interference condition (Stroop, 1935) gives a measure of focussed 

attention or the ability to withstand distraction arising from a relatively strong or 

automatic, overleamt stimulus set in order to respond to a weaker stimulus set. It is 

also considered to assess mental control and behavioural inhibition abilities since 
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subjects are required to shift mental set to a weak stimulus in the presence of a 

competing stronger stimulus, as well as inhibit their automatic responses to the 

stronger stimulus, described as follows (Golden, 1978; Lezak, 1988; MacLeod, 1991). 

The test contains three parts each using a page of 5 columns of 20 items. On the first 

part (word condition), a list of colour names (red, blue, or green) printed in black ink 

is read as quickly as possible. In the second part (colour condition), the colours of 

four crosses (XXXX) printed in three colour inks (red, blue or green) are named. The 

third part (colour-word condition), involves reading colour names (red, blue, green) 

that are printed in a different coloured ink (red, blue or green). The subject is 

required to inhibit the automatic, stronger response of the colour name in order to 

respond to the weaker set of ink colour. Since reading is an automatic process in the 

literate, the word meaning (colour name set) constantly intrudes on, or competes 

with, the processing of the colours (ink colour set) CV an Zomeren & Brouwer, 1987). 

The time-cost of this competition is known as "interference" (MacLeod, 1991). The 

score for each part is the number of items read in 45 seconds. Test-retest reliability is 

well established (Lezak, 1988; Spreen & Strauss, 1991). The Stroop Test has recently 

been found to distinguish between ADHD and normal children (Barkley et al., 1992; 

Grodzinsky & Diamond, 1992) and between ADHD and disruptive children without 

attention problems (Lavoie & Charlebois, 1994). 

The main variable of interest in this study was the interference score. Golden (1978) 

recommends adjusting the colour-word score for the child's predicted colour-word 

score (based on initial speed of reading word names and colours on the first two 

parts of the Stroop Test) . The resulting formula is colour-word score - predicted 

I d Th I . I I d f 
Colour x Word 

hi h d·  f co our-wor score. e atter term IS ca cu ate rom w c a Justs or 
Colour + Word 

reading and colour naming speed . This form of the interference score is considered 

to be the best estimate of the interference effect. A negative interference score 

indicates difficulties with focussed attention, mental control and / or behavioural 

inhibition. A positive score indicates relative absence of such interference. In 

addition, errors were recorded. Many children tended to spontaneously self-correct 

errors hence these were considered to be of less significance than experimenter

corrected errors which appeared to be associated with a more impulsive style of 

responding and inability to inhibit automatic responses. 
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Controlled Oral Word Association Test (COWAT) 

The COW AT was used to assess verbal fluency or "generativity" (Benton & Hamsher, 

1983). It can be considered to be a measure of verbal planning and organisation since 

it depends "on the subject's ability to organise his output in terms of clusters of 

meaningfully related words" (Lezak, 1983, p. 329). It has been shown to be sensitive 

to frontal lesions (Miceli, Caltagirone, Gainotti, Masullo, & Silveri (1983), and is 

hence included in test batteries assessing executive functions. Standardised rules in 

this study followed the form of those in Spreen and Strauss (1991).  Subjects were 

instructed not to repeat a word (perseveration errors); not to repeat a word with only 

the suffix changed (e.g. "bite - biting"); and not to use names of people or places. 

Presence of such errors may indicate impaired impulse control and poor response 

monitoring which are considered qualitative markers of executive dysfunction 

(Lezak, 19983; Spreen & Strauss, 1992). 

The letter version was used which involves the subject generating as many words as 

possible to three target letters of the alphabet (CFL in this study). The score is the 

number of words generated within one minute summed for the three letters. A 

separate sheet with the relevant letter printed in upper case and lower case was 

placed in front of the child to provide visual cues for the letters given verbally. 

Errors were also recorded by type. While young children also made phonetic errors 

due to their lack of phonemic knowledge (e.g. saying "kitten" for the letter c), 

breaking the standard rules may be considered a more serious indicator of impulsive 

responding and lack of response monitoring. Such "rule-break errors" were used as a 

dependent measure. Although substantial practice effects have been reported for 

adults (desRosiers & Kavanagh, 1987), practice effects in children have not been 

studied. The present study design controls for the impact of practice effects. 

3.4.3 Screening Measures 

Clinical Interview Form for Child and Adolescent ADHD Patients 

The initial interview with parents was conducted using this structured interview 

developed by Barkley (1991). The paediatrician and experimenter used it to screen 

for the various medical ':lnd other exclusionary conditions as well as provide a 

comprehensive developmental history and assessment of current childhood 

psychiatric disorders listed in DSM-III-R. This interview also assisted to formulate a 

diagnosis of ADHD for the subsidiary analysis of ADHD subjects. The Clinical 

Interview Form provides categories for grading each answer a parent gives. 
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Child Behavior Checklist - Revised (CBCL) 

Parents completed the Revised Child Behavior Checklist (Achenbach, 1991; 

Achenbach & Edelbrock, 1983), which was used as a broad-range screener for 

emotional, social and behavioural problems. Of principal interest was the Attention 

Problems factor which was used to validate the clinicians' assessment of ADHD. To 

screen for Oppositional Defiance Disorder and Conduct Disorder, the Aggressive 

Behaviour and Delinquent Behaviour factors were also used. The Somatic 

Complaints factor was used to screen for physical illness symptoms. T scores are 

used (Le. mean is 50, standard deviation is 10). 

The psychometrics for the CBCL behaviour problems scales are very good 

(Achenbach, 1991). Inter-interviewer reliability is 0.96 and inter-parent agreement is 

0.79 for the 1 18 problem-scale items. The one week test-retest reliability is 0.95 for 

the problem-scale items and 0.78 to 0.79 for the Attention Problems, Aggressive 

Behavior and Delinquent Behaviour factors. Construct and criterion validity are well 

established (Achenbach, 1991). 

ADHD Rating Scale 

The DSM-III-R ADHD Rating Scale (developed by DuPaul, 1990; reviewed in 

Barkley, 1990) was used to validate the clinicians' diagnosis of ADHD at the initial 

interview and to select subjects for the subsidiary analysis of behavioural "food 

reactors" previously outlined in Section 3.2.4. This instrument involves a rating of 

symptoms based on DSM-III-R criteria for ADHD on four degrees of severity: "0 - not 

at all", "1  - just a little", "2 - pretty much" and "3 - very much". Adequate normative 

data exists for this instrument (DuPaul, 1990 cited in Barkley, 1990, 1991). In the 

present study the child was considered to meet DSM-III-R criteria for ADHD if 8 or 

more of the 14 symptoms were rated at a severity of 2 or 3 (Barkley, 1994). 

Prior to the initial interview parents completed the Rating Scale in the waiting room 

and were further questioned about their answers as to whether they considered the 

behaviours to be beyond age norms and whether their child typically showed these 

behaviours. If a child showed ADHD behaviours after having eaten sensitivity

provoking foods, parents were requested to provide another rating of the child's 

behaviour when the child was on the elimination diet. This rating was used in this 

study to provide an indication of the pervasiveness of behavioural symptoms as 

opposed to situational behavioural effects of foods, thus assisting the clinicians in 

making a diagnostic assessment of ADHD. 
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The Rating Scale was also used as one of the measures in selecting subjects for the 

subsidiary analysis of "behavioural food reactors". If a subject's standard score 

increased by one from the placebo to the active condition they were considered to 

have met one of the four criteria for selection to the subanalysis (z scores were 

calculated from normative data by DuPaul, 1990, cited in Barkley, 1990, 1991). 

appositional Defiance Disorder (ODD) Rating Scale 

A checklist of DSM-III-R ODD criteria was developed to assist clinicians arrive at a 

diagnosis at the initial interview. The same 0 to 3 severity scale as in the ADHD 

Rating Scale was used and parents were asked to confirm at interview that severely 

rated behaviours applied to their child "overall or most of the time" and were beyond 

the age norms. An ODD diagnosis was considered to be applicable if the child was 

rated to display at least 5 criteria to a severity of 2 or 3, and other interview data and 

CBCL and CTRS questionnaires were consistent. The psychometrics of this measure 

are unknown and the results were used in conjunction with the other sources to 

assess whether criteria for ODD were met. 

Conners' Teachers Rating Scale - 28 Item Version (CTRS) 

The Hyperactivity Index of the CTRS (Goyette, Conners, & Ulrich, 1978) was used to 

provide a measure of the severity of ADHD symptoms, provide collateral support 

from teachers about the pervasiveness of ADHD behaviours in school settings, and 

in order to validate clinicians' assessment of ADHD. It has demonstrated efficacy as 

a preliminary screening measure for ADHD and conduct problems (Barkley, 1990; 

Conners, 1989). The same normative sample was used for the Parent and Teacher 

Scales, and there is a strong parallel content for 8 out of the 10 questions that 

compose the Hyperactivity Index, thus making direct comparison more valid than 

for the original longer scales (Goyette, Conners, & Ulrich, 1978). T scores are used 

(i.e. mean is 50, standard deviation is 10). The psychometrics are quite satisfactory 

(BarkIey, 1988b; Conners, 1989) . It is sensitive to stimulant medication treatments 

(BarkIey, 1987). Acceptable criterion validity has been reported against other 

questionnaires such as the Child Behaviour Profile (Edelbrock, Greenbaum, & 
Conover, 1985). 

Short Form Wechsler Intelligence Scale for Children - Third Edition (WISC-III) 

A short form of the WISC-III (Vocabulary and Block Design subtests) was used to 

exclude subjects below an estimated IQ of 80 (Wechsler, 1991). These two subtests 
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are the best available two-sub-test predictor of the Full Scale Intelligence Quotient 

(SaUler, 1992). There are some invalidity problems in using the two subtests to 

estimate the construct of Full Scale IQ in individuals since there is some test error 

with each subtest. However, this is not a major concern in this study since the short

form test was used as an IQ screener for research purposes. 

Wide Range Achievement Test - Revised (WRAT -R) 

The WRAT-R1 Oastak & Wilkinson, 1984} was used as a screener for learning 

disability. It has been widely used with children and appears to have acceptable 

psychometrics (Sattier, 1992) . Although a new version, the WRA T -Ill, is now 

available, it condenses children's and adults' age ranges into the one test eliminating 

some items from the forerunners (WRAT-R1 for children and WRAT-R2 for adults). 

It was considered that the greater item spread in the WRAT-R1 would lead to better 

differentiation between subjects for present purposes. The lowest of the standard 

scores for the reading, spelling and arithmetic subtests was used as the most suitable 

measure of global learning difficulties (Dr Whitmont, personal communication, 

October 1, 1994). Each subtest score has a mean of 100 and standard deviation of 15. 

3.4.4 Administration of Measures 

After the file census, parents were sent information about the study and requested to 

return an acceptance slip. They experimenter then contacted parents by phone to 

confirm their child's sensitivity profile to foods and screen for exclusionary criteria. 

Participants were sent the CfRS to provide to teachers and advised of their three 

appointments. At the initial two hour visit parents were given the ADHD and ODD 

Rating Scales to complete in the waiting room and the CBCL during the visit. 

The initial interview was then conducted by the paediatrician and the experimenter 

with the child present during questions relating to developmental history, which 

allowed behavioural observation; and absent during the psychological history, to 

avoid any adverse reactions by the child. The child was then assessed on the short

form WISC-III and the WRAT -R which also indicated whether the child was able to 

read words (as required in the Stroop Test), could identify the letters of the alphabet 

(required in the COWAT) and knew the numbers required in the CPT. The dietitian 

met with parents to outline the diet protocol and check the child's sensitivity history. 

Daily food and symptom diaries were commenced in the first two weeks. Parents 

were advised that children needed to be asymptomatic for at least two days prior to 
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assessment and that alternative appointments could be made to ensure that 

symptoms had resolved before capsule administration. Care was taken to protect the 

blinding of capsule administration by advising parents from the outset that the study 

"would be investigating some food substances which were thought to be involved in 

food sensitivity". They were told that their child "may or may not" react to the two 

challenges. 

Parents were sent the first capsules by mail and advised of exact times to administer 

the capsules. The experimenter checked prior to assessment with parent and child 

that the capsules had been taken at the correct time. In a few cases sufficient time 

had not elapsed and these families waited in the clinic until the appropriate time 

window was achieved. In no cases were capsules administered too early. Children 

who required medical supervision due to asthma were administered their capsules 

at the clinic prior to assessment in the manner described earlier. Capsules were 

given with food or milk due to the possibility of irritating the stomach. Subjects 

were assessed individually on the CPT, Stroop Test and COWAT. A sloping desk 

was used to present the Stroop Test and the COW AT materials at a suitable reading 

height. Stroop Test responses were audio-taped for later verification. A small hand 

held timer with an alarm was used with the Stroop · Test. The same audio-taped 

instructions were used for cognitive testing on both occasions. 

The parents were given a letter instructing how to complete the CPRS and ADHD 

Rating Scale for the first visit. They were also provided with the second capsules. 

The interval between assessments for the first and second capsules was 14 days, with 

some variation to allow for resolution of symptoms, illness, and due to parental 

requests. The second capsule assessment was completed in the same manner as the 

first. The parents were also provided with Parents' Impression Ratings to complete 

after the questionnaires and food diaries were completed.  While subjects were to 

continue the diet for two weeks after the second capsule to allow for distinguishing 

between the capsules and other food effects, in practice it was difficult to secure 

continuation of the strict diet protocol with many subjects. Hence, parents were 

asked to continue at least for the usual duration of the child's food reactions. Diaries 

and phone ad vice was received for the vast majority of subjects which indicated that 

this was achieved. The final measures were received by mail. 
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3.5 Specific Hypotheses 

The statistical design was a 3-way mixed between-within groups multiple analysis of 

variance (MANOV A) design (or a 2x2x2 split-plot design - Kirk, 1982, pp. 523-531). 

The between-subjects (i.e. between-groups) effects were group (behavioural reactors 

versus somatic control subjects) and treatment order (treatment order 1 had active 

capsules first whereas treatment order 2 had placebos first). Treatment order was 

included as a between-groups factor to control for sequencing effects (or "treatment 

order effects") that may arise from receiving active and placebo capsules in a 

particular order (Kirk, 1982, p. 549). Administration of the same measures to the 

somatic control group as the experimental group on two occasions of repeated 

measurement allows assessment of learning or practice effects on cognitive tests and 

the Conners' questionnaire (Norussis, 1990). The between-subjects interaction effect 

was group by treatment order (written from now on in the form group x treatment 

order). Group effects were expected since the dependent measures have differential 

diagnostic utility in distinguishing between ADHD's and normals. Significant 

treatment order effects and group x treatment order effects were not expected and 

indeed could indicate that there were problems in allocation of subjects to treatment 

orders or that there was inadequate control of double-blind procedures. 

The within-subjects effect was food status (active or placebo condition). A significant 

result for the food status variable, in the absence of interaction effects described 

below, would indicate that all subjects experienced more deficits with the active than 

the placebo capsules. If there were such a main effect for food status and no group x 

food status interaction it would argue against the main hypothesis of this research 

(namely that behavioural subjects but not somatic subjects show ADHD food effects). 

On the other hand, it would be consistent with the main hypothesis if there was a 

food status main effect that was qualified by a group x food status interaction effect. 

Further, such a main effect would indicate that the effect was a relatively strong one 

in order for the behavioural group food effect to actually affect the food status main 

effect. 

The interaction effects involving the within-subjects variable, food status, and their 

interpretations are as follows: 
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• Group x food status Provides a direct test of the predicted food effects. 

More ADHD-type behaviours in the active than 

placebo food challenge condition for the 

behavioural group than the somatic group 

(referred to as a "food effects difference between 

groups"). 

• Treatment order x A form of "practice effect", equivalent to 

• 

food status: 

Group x 

treatment order x 

food status: 

differences between visit 2 and visit 3 scores. 

It is equivalent to differences between the two 

groups in their visit 2 minus visit 3 scores. 

In order to establish a genuine food effects difference between groups, the latter two 

interactions would need to be non-significant (Le. the effect holds irrespective of 

treatment order, or treatment order levels within groups). 

The experimental hypotheses for establishing food effects were discussed in general 

terms in Section 2.2 thus the following presents the hypotheses in terms of the data 

used to test each hypothesis and the relevant population means. Since the primary 

focus of this research was the detection of behavioural and cognitive changes due to 

food, each hypothesis is clearly stated in terms of the actual interaction effect 

indicative of food effects (i.e. group x food status). 

The null form of the food effects hypothesis (Ho) presents the hypothesis that will 

need to be rejected in order for the alternative hypothesis (HA), that there is a 

significant food status difference between groups, to be accepted. The alternative 

hypothesis indicates that the F-test is two-tailed. Where the direction of the means is 

predicted from research this is stated. The food effects hypothesis is tested by the 

group x food status interaction. The alternative hypothesis takes the form "[(mean of 

measure X under the active condition - mean of measure X under the placebo 

condition) for the behavioural group] - [(mean of measure X under the active 

condition - mean of measure X under the placebo condition) for the somatic control 

group] � o. 
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Hypothesis 1: Main Analysis 

Hypothesis l.a: Hyperactivity Index 
Data: The Conner's Parents Rating Scale Hyperactivity Index (HI) T score on the 

active and placebo administrations. 

Ho: [(ll HI active - ll  HI placebo) behavioural] -
[(ll HI active - I.l  HI placebo) somatic] = 0 

HA: [(ll HI active - I.l  HI placebo) behavioural] -
[(ll HI active - I.l  HI placebo) somatic] "# 0 
(N.B. For behavioural subjects, the mean under the active condition is 
expected to be higher than under placebo. For somatic controls the means 
are expected to be equal under the two conditions). 

Hypothesis 1.b: Experimenter's Ratings of ADHD behaviours 
Data: The experimenter's rating for observations of ADHD behaviours on the 

active and placebo administration visits. 

Ho: [(I.l Experimenter's Rating active - I.l  Experimenter's Rating placebo) behavioural] 

[(ll Experimenter's Rating active - I.l Experimenter's Rating placebo) somatic] = 0 

HA: [(I.l Experimenter's Rating active - I.l  Experimenter's Rating placebo) behavioural] 

[(I.l Experimenter's Rating active - I.l Experimenter's Rating placebo) somatic] "# 0 
(N .B. For behavioural subjects, the mean under the active condition is 
expected to be higher than under placebo. For somatic controls the means 
are expected to be equal under the two conditions). 

Hypothesis 1 .c: Percent Correct - CPT 
Data: The subjects percent of correct (PC) responses on the CPT on the active and 

placebo assessments. 

Ho: [(I.l PC active - II PC placebo) behavioural] -
[(I.l PC active - II PC placebo) somatic] = 0 

HA: [(I.l PC active - II PC placebo) behavioural] -
[(ll PC active - II PC placebo) somatic] "# 0 
(N .B. For behavioural subjects, the mean under the active condition is 
expected to be lower than under placebo. For somatic controls the means are 
expected to be equal under the two conditions). 
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Hypothesis 1.d: Errors of Commission - CPT 
Data: The subjects percent of error (PE) responses on the CPT on the active and 

placebo assessments. 

Ho: [(Il PE active - Il PE placebo) behavioural] 

[(Il PE active - Il PE placebo) somatic] = 0 

HA: [(Il PE active - Il PE placebo) behavioural] -

[(Il PE active - Il PE placebo) somatic] � 0 
(N .B. For behavioural subjects, the mean under the active condition is 
expected to be higher than under placebo. For somatic controls the means 
are expected to be equal under the two conditions). 

Hypothesis Le: Reaction Time - CPT 
Data: The subjects reaction time (RT) on the CPT on the active and placebo 

assessments. 

Ho: [(Il RT active - Il  RT placebo) behavioural] 

[(Il RT active - Il  RT placebo) somatic] = 0 

HA: [(Il RT active - Il  RT placebo) behavioural] -

[(Il RT active - Il  RT placebo) somatic] � 0 
(N.B. For behavioural subjects, the mean under the active condition is 
expected to be lower than under placebo. For somatic controls the means are 
expected to be equal under the two conditions). 

Hypothesis 1.f: Interference Score - Stroop Test 
Data: The subjects raw interference score on the Stroop Test on the active and 

placebo assessments. 

Ho: [(Il Interference Score active - Il  Interference Score placebo) behavioural] 

[(Il Interference Score active - Il Interference Score placebo) somatic] = 0 

HA: [(Il Interference Score active - Il  Interference Score placebo) behavioural] -

[(Il Interference Score active - Il  Interference Score placebo) somatic] � 0 
(N.B. For behavioural subjects, the mean under the active condition is 
expected to be lower than under placebo. For somatic controls the means are 
expected to be equal under the two conditions). 

Hypothesis 1 .g: Experimenter Corrected Errors - Stroop Test 
Data: The subject's number of errors corrected by the experimenter on the Stroop 

Test on the active and placebo assessments. 

Ho: [(Il ExpaimEriEr-a:mrlErl musactive- 1l ExpaimEriEr-a:mrlErl muspJaabo) behavioural] -

[( Il ExpaimEriEr-a:mrlErl mus active - Il ExpaimEriEr-a:mrlErl mus pJaabo) somatic] = 0 

HA: [(Il ExpaimEriEr-a:mrlErl musactive- 1l ExpaimEriEr-a:mrlErl muspJaabo) behavioural] 

[( Il ExpaimEriEr-a:mrloo mus actiw- IlExpaimEriEr-a:mrloo mus plaabo) somatic] � 0 
(N .B. For behavioural subjects, the mean under the active condition is 
expected to be higher than under placebo. For somatic controls the means 
are expected to be equal under the two conditions). 
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Hypothesis l.h: COWAT Words 
Data: The subject's number of words on the CFL version of COWAT (COWAT 

Words) on the active and placebo assessments. 

Ho: [(� COW AT Words active - � COW AT Words placebo) behavioural] -

[(� cOWAT Words active - � cOWAT Words placebo) somatic] = 0 

HA: [(� cOWAT Words active - � cOWAT Words placebo) behavioural] 

[( � COW AT Words active - � cOWAT Words placebo) somatic] "#- 0 
(N.B. For behavioural subjects, the mean under the active condition is 
expected to be lower than under placebo. For somatic controls the means are 
expected to be equal under the two conditions). 

Hypothesis l.i: COW AT Rule-Break Errors 
Data: The subject's number of rule-break errors on the COW AT (CFL) on the active 

and placebo assessments. 

Ho: [(� Rule-Break Errors active - � Rule-Break Errors placebo) behavioural] -

[(� Rule-Break Errors active - � Rule-Break Errors placebo) somatic] = 0 

HA: [(� Rule-Break Errors active - � Rule-Break Errors placebo) behavioural] 

[(� Rule-Break Errors active - � Rule-Break Errors placebo) somatic] :F- 0 

(N .B. For behavioural subjects, the mean under the active condition is 
expected to be higher than under placebo. For somatic controls the means 
are expected to be equal under the two conditions). 

Hypothesis 2: Subsidiary Analysis of Behavioural Food Reactors 

The hypotheses for cognitive measures tested in the main analysis were re-examined 

with the subset of behavioural subjects who were selected as having reacted to the 

capsules as set out in Section 3.2.4. The aim was to test whether cognitive effects could 

be detected in this more homogeneous sample. They were compared to their matched 

controls. Since there were uneven numbers of reactors in the two treatment orders this 

variable was eliminated and scores were adjusted accordingly (see Section 4.4). 

Hypothesis 3: Subsidiary Analysis of ADHD Subjects 

The main analysis hypotheses were used to test for the same effects in a subsidiary 

analysis of behavioural subjects where the between-subjects variable was ADHD 

diagnostic status assessed at the initial visit. Subjects meeting DSM -III-R criteria for 

ADHD were compared to "pseudo-ADHD" subjects who were reported to show such 

symptoms only during adverse food reactions. The aim was to test whether the main 

analysis findings held for both types of subjects. Again treatment order had to be 

collapsed due to uneven numbers (see Section 4.5). 
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3.6 Proposed Analysis of Data 

Scores from each of the dependent measures are continuous variables. The data 

obtained from each measure are quantitative and behave like an interval scale. Their 

population distributions are assumed to be normally distributed and have equal 

variances. In consequence, the data was considered suitable for parametric testing 

(Howell, 1987). There were no extreme or outlying scores except for one somatic case on 

the CPT (the conservative option of using his active score on both occasions was 

adopted - refer to Section 4.2). The homogeneity of variance assumption can be 

assumed to be met based on similar observed standard deviations for each of the active

and placebo-condition cells for the specific measure (refer to Tables 4.3 and 4.4). That is, 

variances are approximately within a multiple of twenty of each other (Tabachnik & 
Fidell, 1983). This was the case for the Hyperactivity Index, CPT reaction time, Stroop 

Test interference score, and COW AT measures. The homogeneity assumption is more 

formally assessed by Cochran's C test (Section 4.2). Logarithmic transformations were 

run in the MANOV A to reduce variance in those scores that did not meet Cochran's C 

test. However, the unequal variances remained impei'Vious to transformation, reflecting 

inherent variability between the two groups. In any event, the MANOV A program is 

robust to violation of the variance assumption in cases such as the present since cells 

have equal or very nearly equal numbers of subjects (Tabachnik & Fidell, 1987). 

55 



Chapter 4 

RESULTS 

4.1 Descriptive Statistics 

Results for demographic data and screening variables are given in Table 4.1 and 

4.2. Groups and treatment orders were compared on continuous measures 

using a two-way (2 x 2) factorial analysis of variance (ANOY A). Results are 

summarised in Table 4.1 and analyses are at Appendix F. There were no 

significant differences between groups for age, socio-economic status, estimated 

IQ learning difficulties as estimated by the minimum WRAT-R subtest score, or 

CBCL Delinquent Behaviour or Somatic Complaints dimensions (WRAT-R 

p > 0.066 and all other p's > 0.10). There were no significant differences between 

treatment orders or group by treatment order interaction effects (treatment 

order main effect for CBCL Attention Problems p = 0.075 and all other treatment 

order and interaction p's > 0.10). 

As expected there was a significant group difference for parent ratings of 

Attention Problems from the CBCL (p < 0.001) with the behavioural group 

having higher scores which validated subject selection. The mean parent rating 

from the CBCL Attention Problems factor placed the behavioural reactors at the 

97th percentile, and the somatic reactors at the 76th percentile (well in the 

normal range). Teachers' ratings also indicated a significant group difference on 

the CTRS Hyperactivity Index (p < 0.016). This placed behavioural subjects at 

the 81st percentile and the somatic subjects at the 49th percentile, again 

validating selection. Consistent with literature on co-morbidity of ADHD and 

ODD the behavioural group also had significantly higher CBCL Aggressive 

Behaviour scores (p = 0.024) and CTRS Conduct Problems scores (p < 0.044). 

There were no significant differences between treatment orders or interactions 

between group and treatment order for these variables, suggesting that the 

differences were inherent attributes of the behavioural group and that treatment 

order was sufficiently free of confounding by these variables. There was a 

significant difference between groups for the interval between assessment at 

visits 2 and 3 (p < 0.018) . The behavioural group had a shorter mean interval 

between assessment visits of 13.6 days and the somatics had an interval of 16.9 

days due to the reasons noted in Section 3.3.8. 
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TABLE 4.1 CHARACTERISTICS OF THE TWO GROUPS 

Behavioural (n= 16) Somatic (n=16) Anovas (a) 

Group Treatment Group by 

Order Treatment Order 

Mean SD Range Mean SD Range F p <.05 F p <.05 F p <.05 

Age (years.months) 8.6 1.10 6.1 - 11.11 8.7 1.10 6.6 - 11.8 0.01 0.39 0.01 

SES (b) 3.8 1.2 2.1 - 5.3 3.3 0.8 2.4 - 4.9 1.63 0.06 2.19 

Testing Interval (days) 13.6 29 7 - 21 16.9 4.3 11 - 25 6.37 0.018 2.12 0.76 

Estimated IQ (c) 113.4 . 15.1 91 - 141 115.8 15.2 88 - 141 0.18 0.16 0.10 

WRAT-R: 

Reading %.3 12.9 75 - 119 107.3 17.2 80 - 145 - - -

Spelling 90.6 12.6 74 - 121 104.6 16.9 86 - 148 - - -

Arithmetic 94.6 13.2 73 - 115 104.5 19.3 67 - 137 - - -

Minimum (d) 87.0 12.7 73 - 115 97.5 18.2 67 - 137 3.64 2.46 0.04 

Parents' Ratings: (e) 

Attention Problems 68.9 9.1 57 - 89 · 56.9 7.3 50 - 72 18.65 <0.001 3.40 1.37 

Aggression 65.2 12.7 50 - 87 56.6 6.1 50 - 68 5.71 0.024 0.53 0.06 

Delinquency 61.2 10.9 50 - 81 58.6 8.4 50 - 74 0.54 0.64 0.48 

Somatic Complaints 64.7 10.1 50 - 86 63.2 7.3 54 - 76 0.24 0.68 2.84 

Teachers' Ratings: (f) 
Hyperactivity 59.0 12.4 41 - 74 49.3 9.1 40 - 73 6.61 0.016 2.07 0.25 

Conduct Problems 57.0 10.6 44 - 82 50.2 6.9 42 - 65 4.44 0.044 0.01 0.66 --

(a) F-tests from factorial two-way ANOVAS between group and treatment order and for interaction of group and treatment order. p indicates the probability values 
for F-tests. Only significant p values are shown (p<.05). Degrees of freedom for F-tests are 1,28 except for teachers' ratings (df = 1,27) due to one missing case. 

(b) Socio-economic status from Daniel's (1983) Prestige Scale rated from 1-7 for the main breadwinner. 

(c) Prorated from the Vocabulary and Block Design subtests of the WISC-III 

(d) Minimum WRA T -R score is obtained from the lowest score on the three subtests. 

(e) CBCL Attention Problems , Aggressive Behaviour, Delinquent Behaviour, and Somatic Complaints factor T scores (T score mean is SO, standard deviation is 10). 
(f) CTRS Hyperactivity Index and Conduct Problems factor T scores (T score mean is SO, standard deviation is 10). 



Descriptive characteristics that were of a categorical nature were subjected to 

contingency (Chi-Square) analysis by group and by treatment order. Results are 

given in Table 4.2 (see also Appendix F for analyses). There were no significant 

differences between groups or treatment orders for sex (as designed by sample 

selection). Consistent with the CBCL and CTRS data, there were significant 

differences between groups for clinicians' diagnosis of ADHD and ODD at 

initial interview. However, effects of these characteristics were not significant 

for treatment order suggesting treatment orders were free of confounding by 

ADHD and ODD status. Ten subjects in the behavioural group met ADHD 

criteria (62%) and 9 met ODD criteria (56%).  Three children in the somatic 

group met ODD criteria (19%). 

No group or treatment order differences were found for the type of challenge 

used to establish prior food sensitivity (double blind capsule challenge or open 

food challenge) as indicated in Table 4.2. The two groups were also compared 

for history of allergic reactions (treatment orders were not compared since there 

were nearly equivalent numbers in both orders). There were no differences 

between the two groups for allergic (atopic) status or history of rhinitis or 

eczema. There was a significant difference between the groups for asthma 

history (p = 0.049), however, this characteristic was likely to have had little 

impact on the present study since only two children reported asthma during the 

study and only at a mild to moderate level of severity. 

Outcomes of the study in terms of the overall diet compliance and adequacy of 

the double blind procedures are also covered in Table 4.2. No group or 

treatment order differences were found for diet compliance as assessed by the 

dietitian's mean compliance rating from food diaries. Compliance with the 

Simplified Elimination Diet in this study was excellent with a sample mean 

of 3.7 which was approximately equal to a rating of 4 - "strict" compliance, as 

discussed in Section 3.4.1 .  Further, the dietitian's assessment of nutritional 

intake indicated that subjects had more than adequate levels of nutrients, as 

indicated by their meeting minimum recommended daily allowances for iron, 

zinc and vitamin B 1. 

Adequacy of double blind procedures was confirmed by frequency data from 

the Parent's Impression Ratings which was subjected to contingency analysis by 
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Category 

Sex 

Male 

Female 

ADD diagnosis 

ODD diagnosis 

Food sensitivity 

established by: (c) 

Capsule challenge or 

Food challenge 

Allergy (atopic) (d) 

Asthma (e) 

Eczema (f) 
Rhinitis (t) 
Diet Compliance (g) 
Degree of Parent 

Blinding at Start (h) 
Degree of Parent 

Blinding at Completion (i) 

TABLE 4.2 CATEGORICAL CHARACTERISTICS OF THE TWO GROUPS 

Total Group Treatment Order 
Sample Behavioural Somatic Contingen� Order 1 (b) Order 2 (b) 

No % (n=16) (n=16) Analysis (a (n=16) (n=16) 
Mean) No % No % X2 P < .05 No % No % 

0.00 

22 69 11 69 11 69 10 62 12 75 
10 31 5 31 5 31 6 38 4 25 

10 31 10 62 0 0 14.55 <0.001 4 25 6 38 

12 38 9 56 3 19 4.8 0.028 7 44 5 32 

0.00 

14 43 7 44 7 44 8 50 6 38 
18 56 9 56 9 56 8 50 10 62 

7 23 3 21 4 25 0.05 - - - -

9 28 7 44 2 12 3.86 0.049 - - - -

8 25 2 12 6 38 2.67 - - - -

10 31 4 25 6 38 0.58 - - - -

(3.68) - (3.73) - (3.63) - 3.35 (3.69) - (3.67) -

(0.67) - (0.94) - (0.33) - 2.72 (0.69) - (0.33) -

(2.92) - (3.19) - (2.66) - 7.06 (2.62) - (3.22) -

Contingen� 
Analysis (a 

X2 P < .05 
0.58 0.45 

0.58 0.45 

0.53 0.47 

3.34 

-

-

-

4.33 

0.38 

2.53 
(a) Contingency analysis (Chi-square) between groups and treatment orders for each category. p indicates the probability values for Chi.,square tests. Only significant values are 
shown (p < 0.05). Degrees of freedom is 1 for all X2-tests except for diet compliance (df = 3) and Parents' Impression Ratings (df = 4). (b) Treatment order 1 is active followed by 
placebo, treatment order 2 is the reverse. (c) Prior food sensitivity history established by the usual clinic diet challenge protocol using either double-blind capsule challenges or 
open food challenges. (d) Atopic allergy status established by skin prick test for common aeroallergens (e.g. dust-mite, fur, pollens and moulds). (e) Asthma indicated by airway 
hypersensitivity after inhaled histamine (the "Histamine Inhalation Test"). Cut-off criterion is a fall of at least 20% in FEV1 (forced expiratory volume within one second). 
(f) Established by diet history and in response to double-blind capsule or food challenges. (g) From dietitian's rating of diet compliance during study, averaged for the three 
2-week periods (refer to Section 3.4.1). (h) From Parents' Impression Rating filled out by parents at the end of the study. Parents rated their awareness at start of study that an 
active challenge would be used on one assessment visit and a placebo on the other from O-''Not at all aware" to 4-"Very much aware" (refer to Section 3.4.1). Means for groups and 
treatment orders shown in brackets. Frequency data were entered into contingency analysis. (i) From Parents' Impression Rating filled out by parents at the end of the study. 
Parents rated the extent to which they based their assessment of the order in which the capsules were given on changes they observed in their children's behaviour or symptoms 
from O-''Not at all to 4-"Very much". (refer to Section 3.4.1). Means for groups and treatment orders shown in brackets. Frequency data were entered into contingency analysis. 



group and by treatment order (refer to Table 4.2 and Appendix F). No group or 

treatment order differences were found. At the start of the study parents were 

unaware that the procedure would involve administration of an active 

substance on one visit and placebo on the other. The mean was 0.61 which falls 

between 0 - "not at all aware" and 1 - "mildly or a little bit aware". In addition, 

parents continued to remain largely unaware of capsule administration 

procedures. This was suggested by the finding that parents indicated they 

based their assessment of the order in which the challenges were administered 

on the child's behaviour or symptoms (mean of 2.92 is close to 3 - "pretty 

much"). A lower rating would have indicated that parents had become aware of 

the order of capsules by some other means e.g. opening capsules (refer to 

Section 3.4.1) 

4.2 Hypothesis Tests 

A three-way mixed-design MANOVA was used to test the study hypotheses. 

The two between-groups (i.e. between-subjects) independent variables were 

group and treatment order. The within-subjects independent variable was food 

status (active and placebo conditions). The nine within-subjects measures were 

obtained on two occasions of repeated measurement: visit 2 (first capsule 

challenge) and visit 3 (second capsule challenge). The measures were the CPRS 

Hyperactivity Index T score, experimenter's ratings of ADHD behaviours during 

assessment visits, CFT percent correct (low scores indicate attention lapses), CFT 

percent errors (high scores indicate impulsive responding and attention lapses), 

CFT average reaction time (indicates slower cognitive processing on correct 

responses), Stroop interference score (low scores indicate difficulties with 

focussed attention, mental control and response inhibition), Stroop 

experimenter-corrected errors for the three conditions combined (a measure of 

overall impulsive responding and response inhibition), COW AT number of 

words (a measure of verbal fluency / generativity), and COWAT rule-break 

errors (a measure of impulsive responding and lack of response monitoring). 

To obtain active and placebo scores for the MANOV A, the repeated 

measurements were recoded for treatment order 2 so that visit 3 scores were 

coded as the active scores and the visit 2 scores as the placebo scores. 
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No recoding was required for treatment order 1 since capsule administration 

was in the "correct" order (active on visit 2 and placebo on visit 3). Difference 

scores between active and placebo conditions were then calculated. The mean 

scores and standard deviations for the dependent measures' are given in Table 

4.3 according to treatment order and food status for the behavioural group. 

Table 4.4. reports these for the somatic group. 

In addition to the Conners' Hyperactivity Index, a number of other dimensions 

from this questionnaire (Conduct Problem, Psychosomatic and Anxiety) were 

added to the MANOV A in order to assess whether any other behavioural 

changes would be detected. None of these showed significant food effects (in 

main analysis at Appendix F) although, as expected, there was a significant 

difference between groups for the Conduct Problem dimension with 

behavioural subjects showing higher levels of problems (F 1,28 = 17.40, P < 0.001). 

The Impulsive-Hyperactive dimension was also included and showed effects 

consistent with the Hyperactivity Index (discussed in Section 4.3.2) 

Univariate and multivariate homogeneity of variance tests were performed for 

dependent measures by the MANOV A programme. Univariate homogeneity of 

variance (Cochran's C test) was established for both levels of the within-subjects 

factor (i.e� active and placebo results) for the CPRS Hyperactivity Index, CPT 

percent errors, CPT reaction time, and COW AT words. Univariate homogeneity 

was established for either the active or the placebo results for the experimenter's 

observations of ADHD behaviours, CPT percent correct, Stroop interference 

score and COW AT rule break errors. Multivariate homogeneity was tested 

using Box's M test which indicates whether there are homogeneous variance

covariance matrices across all levels of between-subjects factors which in this 

case were group and treatment order. Multivariate homogeneity was 

established for the four group-by-treatment-order cells for CPT reaction time, 

COWAT words, and COWAT rule-break errors. While these tests are robust 

against violations of homogeneity, in particular since there are equal numbers of 

subjects in group by treatment order cells, some caution may need to be 

exercised in interpreting results where homogeneity was not fully established. 

Scores were subjected to logarithmic transformation but the resulting MANOV A 

results were consistent with the main analysis and transformed scores for the 

measures noted above still tended to show unequal cell variances indicating that 

there was some inherent variability in the sample. 

61 



Rj 

TABLE 4.3 MAIN ANALYSIS MEANS AND STANDARD DEVIATIONS FOR DEPENDENT MEASURES BY 
TREATMENT ORDER AND FOOD STATUS FOR BEHAVIOURAL GROUP (a) 

Measure Hyper- Experi- Percent Percent Reaction Interference 
activity menter's Correct- Errors- Time- Raw Score-

Treatment Food Index- ADHD CPT CPT CPT Stroop 
Order (b) Status CPRS (c) Rating (msecs) 

Active Mn 77.62 8.12 95.00 1.62 602 -2.86 

1 
(First Challenge) SO (15.66) (2.70) (4.36) (1.19) (61) (5.91) 

Placebo Mn 63.50 5.87 92.92 1.87 607 -1.12 
(Second Challenge) 

SO (17.52) (5.16) (4.69) (1.37) (89) (8.05) 

Difference Mn 14.12 2.25 2.08 -0.25 -5.1 -1.74 

(Active - Placebo) SO (23.76) (3.54) (1.94) (1.47) (112) (4.78) 

Active Mn 81.12 10.12 94.52 1.55 591 -0.82 

2 (Second Challenge) SO (17.31) (5.06) (5.59) (1.30) (47) (2.68) 

Placebo Mn 78.37 8.25 94.05 2.39 598 -152 
(First Challenge) SO (16.14) (5.12) (3.02) (1.93) (58) (8.69) 

Difference Mn 2.75 1.87 0.47 -0.84 -7.0 0.70 

(Active - Placebo) SO (10.61) (2.53) (4.38) (159) (40.2) (7.24) 

Active Mn 79.37 9.12 94.78 1.59 597 -1.84 

Total SO (16.04) (4.05) (4.79) (1.20) (53) (4.56) 

Placebo Mn 70.94 7.06 93.44 2.11 603 -1.32 

SO (17.99) (5.12) (3.91) (1.62) (74) (8.09) 

Difference Mn 8.44 2.06 1.33 -0.53 -6 -0.52 

(Active - Placebo) SO (18.72) (2.98) (3.29) (1.50) (84) (6.06) 
(a) NUIIlber of suWects in eaCh cell is 8 except for CPT cells (n = 7 for treatmerifcider 2) and COW AT (n = 7 in treatment order 1). 
(b) Treabnent order 1 is active challenge followed by placebo; treabnent order 2 is the reverse. 
(c) Hyperactivity Index is in T score units (T score mean is SO, standard deviation is 10). 

axperimenter Number of 
Corrected Words-

Errors- COWAT 
Stroop 

1.75 20.14 

(2.66) (13.91) 

1.37 19.27 

(0.52) (10.67) 

0.37 0.86 

(2.45) (5.30) 

0.62 17.75 

(1.06) (5.04) 

1.75 18.37 

(2.55) (9.01) 

-1.12 -0.62 

(3.00) (6.91) 

1.19 18.87 

(2.04) (9.86) 

1.56 18.80 

(1.79) (9.47) 

-0.37 0.07 

(2.75) (6.04) 

Rule-
Break 

Errors-
COWAT 

1.71 

(0.95) 

0.71 

(0.95) 

1.00 

(058) 

1 .37 

(1.30) 

1 .62 

(1.92) 

-0.25 

(1.58) 

1.53 

(1.12) 

1.20 

(157) 

0.33 

(1.35) 
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TABLE 4.4 MAIN ANAL YSIS MEANS AND STANDARD DEVIATIONS FOR DEPENDENT MEASURES BY 
TREATMENT ORDER AND FOOD STATUS FOR SOMATIC GROUP (a) 

Measure Hyper- Experi- Percent Percent 
activity menter's Correct- Errors-

Treatment Food Index- ADHD CPT CPT 
Order (b) Status CPRS (c) Rating 

Active Mn 46.37 0.75 96.67 1.73 

1 (First Challenge) SO (10.70) (1.03) (3.56) (1.11) 

Placebo Mn 48.00 0.50 97.71 0.63 
(Second Challenge) 

SO (11.06) (0.76) (1.98) (0.32) 

Difference Mn -1.62 0.25 -1.04 1.10 

(Active - Placebo) SI) (4.00) (0.46) (4.27) (1.00) 

Active Mn 43.62 1.37 91.46 1.52 

2 
(Second Challenge) SO (8.02) (1.77) (6.07) (1 .52) 

Placebo Mn 45.37 1.25 92.08 2.41 
(First Challenge) SO (10.91) (2.05) (9.75) (2.34) 

Difference Mn -1.75 0.12 -0.62 -0.89 

(Active - Placebo) SO (8.83) (0.83) (6.72) (1.80) 

Active Mn 45.00 1.06 94.06 1.62 

Total SO (9.25) (1.44) (5.51) (1 .29) 

Placebo Mn 46.69 0.87 94.89 1.52 

SO (10.70) (1.54) (7.39) (1.86) 

Difference Mn -1.69 0.19 -0.83 0.10 

(Active - Placebo) SI) (6.62) (0.66) (5.44) (1.74) 
(a) Numhe!' of su�ects in eaCh cell is 8 except for COW A T (n = 7 in treatment order 1). 
(b) Treatment order 1 is active challenge followed by placebo; treatment order 2 is the reverse. 
(c) Hyperactivity Index is in T score units (T score mean is SO, standard deviation is 10). 

Reaction Interference IExperimentel Number of 
Time- Raw Score- Corrected Words-
CPT Stroop Errors- COWAT 

(msecs) Stroop 

529 -2.07 1.50 20.86 

(60) (3.23) (1.07) (11.74) 

553 0.37 0.12 22.14 

(58) (2.86) (0.35) (10.54) 

-24.3 -2.45 1.37 -1.29 

(44.8) (3.76) (1.06) (5.07) 

579 2.62 0.62 22.87 

(98) (8.61) (0.92) (11.17) 

572 1.27 0.62 15.00 

(77) (6.24) (0.74) (9.71) 

7.4 1.35 0.00 7.87 

(78.8) (5.81) (1.07) (7.30) 

554 0.27 1.06 21.93 

(83) (6.73) (1.06) (11.07) 

563 0.82 0.37 18.33 

(66) (4.71) (0.62) (10.41) 

-8.4 -0.55 0.69 3.60 

(64) (5.12) (1 .25) (7.74) 

Rule-
Break 

Errors-
COWAT 

0.86 

(1 .46) 

0.43 

(0.54) 

0.43 

(1.27) 

1 .00 

(1.60) 

0.87 

(0.99) 

0.12 

(0.99) 

0.93 

(1.49) 

0.67 

(0.82) 

0.27 

(1.10) 



The Stroop interference score was calculated from raw scores since there were 

difficulties in obtaining age norms for 6-year old children. Age-corrected scores 

and T scores based on corrections in Golden (1978) were entered into the 

MANOV A (at Appendix F) to check for equivalence of the effects found in the 

main analysis and since there were no differences, they are not reported. The 

Stroop experimenter-corrected errors for the colour-word condition alone was 

cond ucted to check whether there were differences to the experimenter

corrected errors on all three Stroop tasks (at Appendix F). The results were 

similar, except that effect sizes for the F test are more pronounced for the 

combined-conditions score which is reported. The combined score seemed to 

indicate a general level of impulsive responding on all three tasks rather than 

difficulties during the cognitive interference task presented by the colour-word 

condition (which is tapped by the interference score). As such, it was 

considered a more appropriate measure of overall food-related impulsive 

responding under the two food status conditions. 

On the CPT, one 6-year-old subject in treatment order 2 was omitted due to 

inability to maintain on-seat behaviour which invalidated her results. One 

somatic subject in treatment order 2 also had difficulties with settling on this 

task. His percent error scores were extreme. Hence the conservative option of 

using his second (active) CPT results for placebo scores as well was adopted. 

Two additional Manovas omitting subjects were run which showed no 

differences in CPT results from the main analysis. The first additional 

MANOV A omitted these two subjects. The second additional MANOV A 

omitted these two subjects and their matches. For the COWAT, 2 cases were 

missing (one behavioural and one somatic subject from treatment order 1). 

4.3 Main Analysis 

The univariate F values for measures are summarised in Table 4.5. This section 

first discusses significant overall differences for between-subjects main effects. 

Then within-subjects interaction effects are discussed according to each 

behavioural and cognitive measure. 
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TABLE 4.5 BEHAVIOURAL AND COGNITIVE DEPENDENT MEASURES - MAIN ANALYSIS RESULTs (a) 

Measure Hyperactivity rExperimenter's Continuous Performance Test (CPT) Stroop COWAT 
Index - ADHD Interference Experimenter Number 

Effect CPRS Rating % Correct % Errors Reaction Time Raw Score Corrected cl 
Errors Words 

F (V) F (v) F {Jlj  F (V) F (V) F (V) F (V) F (V) 
Between-
Subjects Effects 

47.95 *** 38.31 *** 0.04 0.39 3.62 1 .14 3.06 0.13 
Group « 0.001) « 0.001) (0.84) (0.54) (0. 068) (0.29) (0.091) (0.72) 

0.59 1.56 2.12 1 .19 0.31 0.83 0.56 0.34 
Treatment Order (0.45) (0.22) (0.16) (0.28) (0.58) (0.37) (0.46) (0.57) 

Group x 1.97 0.42 2.69 0.37 1.11 0.25 0.06 0.02 
Treatment Order (0.17) (0.52) (0.11) (0.55) (0.30) (0.62) (0.81) (0.90) 

Within-
Subjects Effects 

1.89 8.17 ** 0.07 0.68 0.28 0.30 0.18 2.19 
Food Status (0.18) (0.008) (0.79) (0.42) (0.60) (0.59) (0.67) (0.15) 

Group x 4.25 * 5.68 * 1 .59 1.47 0.01 0.00 2.10 1 .91 
Food Status (0.049) (0.024 ) (0.22) (0.23) (0.93) (0.99) (0.16) (0.18) 

Treatment Order 1.37 0.10 0.13 5.83 * 0.30 2.52 3.84 2.78 
x Food Status (0.25) (0.75) (0.72) (0.023) (0.59) (0.12) (0.060) (0.11) 

Group x 

Treatment Order 1.31 0.03 0.37 1.68 0.38 0.12 0.01 5.34 * 
x Food Status (0.26) (0.87) (0.55) (0.21) (0.54) (0.73) (0.93) 0.029 

Rule-
Break 
Errors 

F (v) 

1.78 
(0.19) 

0.47 
(0.50) 

0.00 
(0.99) 

2.29 
(0.14) 

0.05 
(0.82) 

3.25 
(0.083) 

1.20 
0.28 

(a) Values entered in table are Univariate F-test results. p values (given in brackets) indicate probability values of F-tests. * p < 0.05, ** P < 0.01. *** P < 0.001. Number of 
subjects was 32 for measures except for CPT (n = 31) and COWA T (n=30). Degrees of freedom for each effect reported are 1,28 but for CPT df = 1,27 and COW A T df = 1,26. 



By way of preview, interaction effects showed significant food effects differences 

between groups on blind behavioural ratings. In contrast, cognitive measures 

suggested practice effects in the absence of food effects. 

It is worth highlighting two further points relevant to the results. First, the term 

"significant food effects difference between groups" is used interchangeably 

with the statistical term "significant groups x food status interaction". Second, 

although it could be argued to be against strict statistical conventions to report 

on a lower order interaction when a higher order interaction is not significant 

this is done in the present study since it was exploratory for the nature of food 

effects and in order to clarify complex interactions. 

4.3.1 Main Effects 

There were significant main effects of group for parents' Hyperactivity Index 

ratings (Fl,28 = 47.95, P < 0.001) and the experimenter's ratings of ADHD 

behaviours during assessments (Fl,28 = 38.31, P < 0.001) as illustrated in 

Figures 4.1 and 4.2. As expected, both ratings confirmed there were significantly 

more of these problem behaviours in behavioural than somatic subjects. 

Mean 
Hyperactivity 
IndexT Score 

80 

60 

40 

20 

0 ...&----
Behavioural Somatic Control 

Group 

FIGURE 4.1 MEAN CPRS HYPERACfMTY INDEX SCORE BY GROUP 
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Mean 
Experimenter's 
ADHD 
Rating 

10 

8 

6 

4 

2 

0 ....&...----
Behavioural Somatic Control 

Group 

FIGURE 4.2 MEAN EXPERIMENTER'S ADHD BEHAVIOUR RATING 

BY GROUP 

The difference between groups for average CPT reaction times for correct 

responses approached significant levels with behavioural subjects being slower 

than controls (F 1,28 = 3.62, P < 0.068). Refer to Figure 4.3 for group means. This 

tends to suggest that the behavioural group was slower at responding to target 

number pairs (slower on "hits") and tends to provide some tentative indication 

that slower cognitive processing may be involved on this task for behavioural 

subjects as compared to control subjects. 

Mean 
Reaction 
Time 
(milli-
seconds) 

650 

600 

550 

500 -----
Behavioural Somatic Control 

Group 

FIGURE 4.3 MEAN CFT REACTION TIME BY GROUP 
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There were no treatment order main effects or treatment order x group 

interactions on any measure which lent further support to the adequacy of 

subject allocation and double blind procedures. 

4.3.2 CPRS Hyperactivity Index 

Figure 4.4 gives a diagrammatic representation of the mean Conners' parent 

Hyperactivity Index scores for each group following active and placebo 

challenges. That is, the interaction of direct interest for testing food effects, the 

groups x food status interaction, is shown for this behavioural measure. 

Mean 
Hyperactivity 
Index T Score 

90 �------------------------------� 

80 79.4 

70 70.9 

60 

50 
45.0 •• 1..--_-------1.. 46.7 

40 �------------------------------� 
Active Placebo 

Food Status 

• 

Group 

Behavioural 
Somatic Control 

FIGURE 4.4 MEAN CPRS HYPERACTIVITY INDEX SCORE BY GROUP AND 

FOOD STATUS 

The means are in the predicted direction and the group x food status interaction 

was significant (F 1,28 = 4.25, P < 0.049). Null hypothesis 1 .a was rejected and it 

was concluded that parents of behavioural subjects observed significantly more 

hyperactive, impulsive and inattentive behaviours with active capsules than 

placebos whereas parents of control subjects observed little change. It is worthy 

of note that the behavioural group's T score was 8.44 points higher following the 

active than the placebo challenges: the mean T score for the active condition 

was 79.37; and the mean T score for the placebo condition was 70.94. This is an 

increase in the predicted direction of nearly one T score standard deviation. 
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It is also worth noting that the CPRS Impulsive-Hyperactive factor scores 

showed similar, strongly significant food effects (Le. group x food status 

interaction F 1,28 = 10.40, p=0.003) . This is of interest since the four questions 

that make up this factor all relate to hyperactive and impulsive behaviours. No 

inattentive behaviours are covered as they are in the Hyperactivity Index. The 

behavioural group's mean T score for the active challenges was 72.44 (or in the 

"Very much above average range") whereas with the placebo the mean was 

63.19 (or in the "Above average range"). This represents an increase in the 

predicted direction of 9.25 T score units. The somatic control ratings were static 

(active mean was 43.75 and placebo was 45.06). Results can be found in 

Appendix F (page 127). 

In addition, there were no other significant interaction effects that would have 

qualified this finding (group x treatment order by food status F = 1.31, P < 0.26 

and treatment order by food status F = 1 .37, P < 0.25). Hence, the significant 

food effects difference between groups provides direct support for a genuine 

food effect on this behavioural measure. 

The non-significant three-way interaction, group x treatment order x food status, 

can be inspected for consistency of the groups x food status effect across 

treatment orders. Figure 4.5 shows the mean Hyperactivity Index scores for 

each group and treatment order level following active and placebo challenges. 
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Group by Treatment Order 
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Behavioral Order 1 

Behavioural Order 2 

Somatic Control Order 1 

Somatic Control Order 2 

Order 1 was active - placebo 
Order 2 was placebo - active 

FIGURE 4.5 MEAN CPRS HYPERACTIVITY INDEX SCORE BY GROUP, 

TREATMENT ORDER AND FOOD STATUS 
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The group x treatment order x food status interaction was not significant (F 1,28 = 

1 .31, p<0.25) as predicted. Inspection of the means suggests they are in the 

predicted direction. The mean T score for treament order 1 subjects for the 

active condition was 77.6 (in the "Very much above average" range) and for the 

placebo it was 63.5 (in the "Above average range"). There were some signs that 

treatment order 1 behavioural subjects (i.e. the order was active challenge 

followed by placebo) had a stronger food effect than behavioural treatment 

order 2 subjects (i.e. placebo followed by active challenge) . However, even 

treatment order 2 subjects showed a food effect, albeit they seemed to have a 

relatively high level of background ADHD-type behaviours as indicated by the 

high placebo score (both the placebo and active scores were in the "Very much 

above average" range). So treatment order 2 subjects appeared to exhibit a fairly 

high level of symptoms overall and the food effects were not as readily 

noticeable against this "background noise" as they were for treatment order 1 

subjects. Indeed, inspection of raw data and clinical impression suggested this 

was due to three subjects in particular who suffered from severe ADHD and 

severe co-morbid ODD who were allocated to treatment order 2. 

4.3.3 Experimenter's Rating of ADHD Behaviours 

Figure 4.6 represents schematically the significant ' food effects difference 

between groups found on the experimenter's assessment of ADHD behaviours 

during assessment visits. The mean ratings for the two groups are shown 

following active and placebo challenges. 

12�--------------------------------
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Experimenter's 
ADHD 6 
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FIGURE 4.6 MEAN EXPERIMENTER'S ADHD BEHAVIOUR RATING BY 

GROUP AND FOOD STATUS 
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A significant group x food status interaction was found (F1,28 = 5.68, P = 0.024). 

This effect was sufficiently strong to influence a main effect for food status for 

the total sample (F1,28 = 8.17, P = 0.008). Null hypothesis lob was rejected and it 

was concluded that the experimenter correctly detected significantly more 

hyperactive, impulsive and inattentive behaviours with active capsules than 

placebos in the behavioural group whereas the control group was low on these 

behaviours under both conditions. 

Hence, there was a second source of support for a genuine food effect. This 

rating was generally given under blind conditions by the experimenter. 

However, at the beginning of the study the experimenter was made aware of the 

order of capsule administration for a small number of subjects due to the 

complexity of choosing suitable challenge substances in conjunction with the 

paediatrician and dietitian (n = 8, 4 behavioural and 4 somatic). 

As with the Hyperactivity Index, the other interactions that would have 

qualified the food effects difference between groups were not significant: 

treatment order x food status (F 1,28 = 0.10, P < 0.75) and group x treatment order 

x food status (F 1,28 = 0.03, P < 0.55). The latter interaction is shown in Figure 4.7 
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FIGURE 4.7 MEAN EXPERIMENTER'S ADHD BEHAVIOUR RATING BY 

GROUP, TREATMENT ORDER AND F<X>D STATUS 
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4.3.4 Continuous Performance Test (CPT) 

Percent Correct 

Figure 4.8 displays the mean percent correct scores on the CPT for the two 

groups following active and placebo challenges. 
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FIGURE 4.8 MEAN CPf PERCENT CORRECT SCORE 

BY GROUP AND FOOD STATUS 

The means are not in the predicted direction (e.g. behavioural subjects had more 

correct responses ("hits") with the active challenges · than the placebos. The 

group x food status interaction was not significant (Fl, 27 = 1 .59, P < 0.22). Null 

hypothesis 1 .c was accepted and it was concluded that there was no support for 

a significant food effects difference between groups for CPT errors of omission 

(lapses in sustained attention). The group x treatment order x food status 

interaction is shown in Figure 4.9. 
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BY GROUP, TREATMENT ORDER AND FOOD STATUS 
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N either the mean for behavioural treatment order 1 nor treatment order 2 

subjects was in the predicted direction. The group x treatment order x food 

status interaction was not significant (F 1,27 = 0.37, P < 0.55) . It was concluded 

that there was no suggestion of a trend towards significance for food effects 

between groups at either treatment order level for CPT errors of omission. 

There was no significant practice effect for CPT percent correct - i.e. indicated 

by the treatment order x food status term in Table 4.5 (F 1,27 = 0.13, P < 0.72). 

Practice effects are discussed below for the example of CPT percent errors. 

Percent Errors 

Figure 4.10 displays the mean percent error scores on the CPT for the two 

groups following active and placebo challenges. 
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FIGURE 4.10 MEAN CPT PERCENT ERROR SCORE BY 

GROUP AND FOOD STATUS 

The means were not in the predicted order. Behavioural subjects made more 

errors with placebos than active challenges. The group x food status effect was 

not significant (F 1,27 = 1.47, P <0.27). Null hypothesis 1 .d was accepted and it 

was concluded that there was no support for a significant food effect between 

groups for CPT errors of commission (impulsive responding and lapses in 

sustained attention). The group x treatment order x food status interaction is 

illustrated in Figure 4.11 .  
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FIGURE 4.11 MEAN CPT PERCENT ERROR SCORE BY 

GROUP, TREATMENT ORDER AND FOOD STATUS 

The means are in a direction that was against predictions for both behavioural 

treatment order 1 and order 2 subjects. The pattern for somatic controls was 

mixed. The group x treatment order x food status interaction was not significant 

(Fl,27 = 1 .68, P < 0.23). It was concluded that there were no trends suggestive of 

food effects differences between groups at either treatment order level for CPT 

errors of commission. 

CPT percent errors will be further explored to provide an example of the nature 

of practice effects since these were the most consistent feature of cognitive 

measures. As will be recalled from Table 4.5, percent error scores showed a 

practice effect which is represented by the significant treatment order x food 

status interaction term (Fl,27 = 5.83, P < 0.023) . Figure 4.12 illustrates this 

interaction. 
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FIGURE 4.12 MEAN CPT PERCENT ERROR SCORE BY 

TREATMENT ORDER AND FOOD STATUS 

Further to aid interpretation of why this interaction can be viewed as a practice 

effect, the same means can be plotted using time (visit 2 and visit 3) on the x -axis 

as the repeated measure instead of food status (active and placebo). Recalling 

that treatment order 2 was placebo followed by active challenge, the means can 

simply be reversed. Treatment order 1 means are already in the correct order. 

This is shown in Figure 4.13 which suggests that there were similar practice 

effects in both treatment orders. 
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FIGURE 4.13 MEAN CPT PERCENT ERROR SCORE BY 

TREATMENT ORDER AND TIME 
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The practice effect was also consistently seen across both groups as is shown in 

Figure 4.14. The three way interaction group x treatment order x time is not 

shown since subjects in the two treatment orders for both groups exhibited 

practice effects consistent with those shown in Figures 4.13 and 4.14. 
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Errors 

1 1.07 # 
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Time 
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FIGURE 4.14 MEAN CPT PERCENT ERROR SCORE BY GROUP AND TIME 

Hence in conclusion, the significant treatment order x food status interaction is 

indicative of consistent practice effects across treatment orders and across 

groups with improvement in the percent of errors committed at the second 

testing (visit 3) without any evidence of food effects. 

Average Reaction Time - Correct Responses 

The CPT average reaction times for correct response showed no significant 

group x food status interaction effects (F 1,27 = 0.01, P < 0.93) and showed no 

trends towards significance. Hence they will not be shown graphically. Null 

hypothesis Le was accepted and it was concluded that there was no significant 

food effects difference between groups for CPT reaction time. There was no 

practice effect on reaction time (treatment order x food status F 1,27 = 0.30, 

P < 0.59) . There was a significant main effect for groups indicating that 

behavioural subjects were slower than somatic controls at completing this 

cognitive task as discussed n Section 4.3.1. 
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4.3.5 Stroop Test 

Interference Score 

The group by food status interaction was not significant for the Stroop raw 

interference score as measured on the colour-word task (F 1,28 = 0.00, P <0.99). 

Null hypothesis 1.f was accepted and it was concluded that there was no 

significant food effects difference between groups on focussed attention. 

There was however a suggestion of practice effects on this measure. The 

treatment order x food status interaction showed somewhat of a trend towards 

significance (F 1,28 2.52, P < 0 .12) and is illustrated in Figure 4.15. The figure 

suggests that there was less interference on the second testing (visit 3), indicated 

by a higher score. As per CFT percent errors, the figure can be read as having 

an x -axis of time (visit 2 and 3) if the means are reversed for treatment order 2. 

Again, a consistent practice effect was found for both treatment orders and both 

groups (graphs not shown). 
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FIGURE 4.15 MEAN STROOP RAW INTERFERENCE SCORE BY 

TREATMENT ORDER AND FCX>D STATUS 

Experimenter Corrected Errors 

The number of errors corrected by the experimenter on the three Stroop tasks is 

shown in Figure 4.16 for the two groups following active and placebo 

challenges. 
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There was only a slight a trend towards significance for the group x food status 

interaction (F 1,28 = 2.10, P < 0.16) . This measure provides little support for a 

food effect since the means are in the opposite direction to that predicted for 

behavioural subjects (they made more errors following placebos than active 

challenges, in particular when compared to controls). Null hypothesis l .g was 

accepted and it was concluded that there was no significant food effects 

difference between groups as measured by Stroop errors. 

The practice effect was stronger than the food effect although it was non

significant (F 1,28 = 3.84, P < 0.060). Both groups and both treatment orders 

showed similar practice effects but since experimenter-corrected errors are at 

best a qualitative indicator of impulsive responding and inability to inhibit 

automatic responses, other effects are not shown graphically. 

4.3.6 Controlled Oral Word Association Test (COWAT) 

Number of Words 

The group x food status interaction for the COWAT (CFL) mean number of 

words generated by the two groups following active and placebo challenges is 

shown in Figure 4.17. 

78 



24 

23 

22 

Mean 21 
Number 
of 20 
Words 19 

18 

17 

16 

15 

14 

FIGURE 4.17 

21.9 

18.8 
18.9 

18.3 Group 

• Behavioural 
• Somatic 

Active Placebo 
Food Status 

MEAN NUMBER OF WORDS GENERATED ON COWAT BY 

GROUP AND FOOD STATUS 

The group x food status interaction was not significant (F 1,26 = 1.91, P < 0.18). In 

any event, the means in Figure 4.17 suggest that the somatic control group 

contributed most to the difference between active and placebo scores. Null 

hypothesis 1.h was accepted and it was concluded there was no significant food 

effects difference between groups for verbal generativity. 

Examination of the significant three-way interaction between group, treatment 

order and food status further elucidates that most of the change within subjects 

came from differences due to the somatic treatment order 2 subjects (F 1,26 = 5.34, 

P < 0.029) as shown in Figure 4. 18. These subjects received the placebo first. 

Clinical impression and inspection of the raw data at Appendix F was 

suggestive of the change being due to three subjects in particular (numbers 27, 

28 and 30) who improved on at visit 3 due to greater task familiarity (a practice 

effect). 
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Rule-Break Errors 

The group by food status interaction was not significant (F 1,26 = 0.05, P < 0.82). 

Null hypothesis 1.i was accepted and it was concluded that there was no 

support for a significant food effects difference for rule-break errors. Again, 

there was a trend towards a practice effect (treatment order x food status F 1,26 = 

3.25, P < 0.083). Refer to Figure 4.19. Practice effects were similar for groups 

and for treatment orders (not shown). 
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4.4 Subsidiary Analysis of Behavioural Food Reactors 

Sixteen subjects were selected for a subsidiary analysis of food reactors 

(8 behavioural subjects and their 8 matched controls). Selection was based on 

multiple-informant reports of behavioural reactions made by parents, the 

dietitian, and the experimenter, which suggested that these behavioural subjects 

actually experienced a marked "positive behavioural food reaction" to the active 

challenge and not the placebo. Criteria for selection in this analysis were 

operationalised in Section 3.2.4. It is worth noting that selection was considered 

to be relatively strict, resulting in half of the sample being selected as positive 

food reactors. A MANOV A similar to that described for the main analysis was 

used to test whether cognitive changes could be detected in a more 

homogeneous subs ample of food reactors. The means and standard deviations 

are given for the two groups under active and placebo conditions in Table 4.6. 

Results of the MANOV A are in Table 4.7 and the analysis is at Appendix F. 

It is worthy of note that the two treatment orders needed to be collapsed since 

there were unequal numbers of reactors in treatment orders (12 in order 1 and 4 

in order 2). To account for treatment order effects, subjects' scores were adjusted 

by the mean change score for visit 3 minus visit 2 for the total behavioural group 

on the one hand (n=16), or for the somatic group on the other hand (n=16). This 

effectively provides the best available, relatively unbiased estimator of treatment 

order effects for the analysis. Adjusted scores were entered into the MANOV A. 

The between-subjects factor is group (behavioural or somatic control) . The 

within-subjects factor is food status (active or placebo). The interaction term, 

group by food status, was compared with the same term in the main analysis for 

any divergent results. 

The results are consistent with the main analysis in that there were no significant 

food effects differences between groups for cognitive measures (all univariate 

F-test p values > 0.05 for group x food status). The null hypotheses discussed in 

the main analyses were supported by this subanalysis and it was concluded that 

even in subjects with noticeable behavioural food reactions no cognitive 

problems with sustained attention, focus sed attention, verbal generativity, or 

impulsive responding could be detected on these tests. 
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TABLE 4.6 MEANS AND STANDARD DEVIATIONS FOR DEPENDENT MEASURES BY GROUP AND 
FOOD STATUS FOR SUBSIDIARY ANALYSIS OF BEHAVIOURAL FOOD REACfORS (a) 

Measure Hyper- Experi- Percent Percent Reaction Interference ExperimenteJ Number of 
activity menter's Correct- Errors- Time- Raw Score- Corrected Words-

Food Index- ADHD CPT CPT CPT Stroop Errors- COWAT 
Status CPRS Rating (msecs) Stroop 

Behavioural (n=8) 

Active Mn 80.33 9.08 93.53 2.09 594 -0.87 1.81 18.50 

SI) (12.12) (2.58) (3.80) (1.42) (62) (5.94) (2.73) (12.89) 

Placebo Mn 62.11 5.36 91.21 2.29 618 4.29 0.69 17.19 

SI) (20.36) (4.32) (3.99) (1.92) (68) (7.75) (0.55) (9.90) 

Difference Mn 18.22 3.72 2.32 -0.20 -24 -5.16 1.12 1.31 

(Active - Placebo) SI) (26.54) (3.32) (2.62) (1.73) (105) (4.28) (2.66) (5.38) 

Somatic (n=8) 

Active Mn 48.61 1.36 92.76 2.30 563 1.80 1.08 20.95 

SI) (9.78) (1.39) (6.71) (1.34) (76) (8.53) (1.32) (11.32) 

Placebo Mn 51.33 1.20 92.86 1.25 588 3.77 -0.52 21.72 

SI) (11.61) (1.69) (10.17) (1.43) (67) (5.56) (0.32) (13.99) 

Difference Mn -2.72 0.16 -0.11 1.05 -25 -1.97 1.59 -0.77 

(Active - Placebo) SO (7.82) (0.68) (7.03) (1.02) (51) (5.14) (1.53) (9.88) 

Rule-
Break 

Errors-
COWAT 

1.69 

(1.02) 

0.57 

(1.04) 

1 .11 

(1.33) 

0.92 

(1.70) 

-0.25 

(1.42) 

1 .17 

(1.72) 
W-Nurnber of subjects in eaCh cell is 8 except for COWAT (n = 7 in behavioural group). Samples of BehciViouraJ. and Somatic subjects had six treatment order 1 subjects (i.e. active 

followed by placebo) and two treatment order 2 subjects (i.e. placebo followed by active). 
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TABLE 4.7 BEHAVIOURAL AND COGNITIVE DEPENDENT MEASURES - SUBSIDIARY ANALYSIS 
OF BEHAVIOURAL FOOD REACTORS RESULTs(a) 

Measure Hyperactivity IExperimenter's Continuous Performance Test (CPT) Stroop COWAT 
Index - ADHD Interference Experimenter Number 

Effect CPRS Rating % Correct % Errors Reaction Time Raw Score Corrected cl 
Errors Words 

F (p) F (V) F (V) F (V) F (v) F (V) F (V) F (v) 

Between-
Subjects Effects 

Group 17.64 *** 23.11 *** 0.02 0.35 1.27 0.11  3.05 0.35 

(0.001) « 0.001) (0.89) (0.56) (0.28) (0.75) (0.10) (0.57) 

Within-
Subjects Effects 

Food Status 2.51 10.45 ** 0.70 1.42 1.42 9.08 ** 6.29 * 0.02 

(0.13) (0.006) (0.42) (0.25) (0.25) (0.009) (0.025) (0.90) 

Group x 4.58 * 8.83 ** 0.83 3.08 0.00 1.82 0.19 0.25 

Food Status (0.050) (0.010) (0.38) (0.10) (0.98) (0.20) (0.67) (0.63) 

Rule-
Break 
Errors 

F (V) 

1.95 

(0.19) 

8.07 * 

(0.014) 

0.00 

(0.95) 

(a) Values entered in table are Univariate F-test results. p values (given in brackets) indicate probability values of F-tests. * p < 0.05, ** P < 0.01. *** P < 0.001. Number of 
subjects was 16 for measures except for cOWA T (n=15). Degrees of freedom for each effect reported are 1,14 but for COW A T df = 1,13. 



Thus the evidence for a dissociation between behavioural and cognitive 

reactions to foods was strengthened. The significant differences noted for 

behavioural measures were consistent with the same effects noted in the main 

analysis . Of interest was the increase on the Hyperactivity Index for the 

behavioural group of more than one standard T score deviation from the 

placebo to the active challenge conditions or 12.25 points (this is in unadjusted 

T score means - a more conservative estimate). The mean with the active 

challenge was 80.00 (in the "Very much above average range"), and with the 

placebo it was 67.75 (in the "Much above average range"). 

Only significant food status effects were found for the Stroop and rule-break 

errors on the cOWAT, where food effects were apparently experienced by the 

sample as a whole. However these results, on their own, are considered to be of 

limited relevance and, in the case of COW AT errors, means are not consistent 

with the predicted direction. These results need to be considered in the context 

of the main analysis. It is also possible that the adjustment made to scores in 

order to collapse treatment orders did not sufficiently deal with the practice 

effects that were discussed for the main analysis. 

4.5 Subsidiary Analysis of ADHD Subjects 

Behavioural subjects were selected for a second subsidiary analysis based on 

ADHD diagnostic status assessed at interview by the paediatrician and 

experimenter, supported by parents' and teachers' ratings (refer to Section 3.2.4). 

Ten children met diagnostic criteria. They were compared to 6 non-ADHDs 

("pseudo-ADHDs" who were reported to show ADHD behaviours only during 

adverse food reactions). The aim was to test whether the two groups had 

similar patterns of food reactivity. A MANOV A similar to that described for the 

main analysis was used with this more homogeneous subsample. The groups 

include "positive behavioural food reactors" and non-reactors. Half of the 

ADHD and non-ADHD subjects were reactors (n=5 and 3 respectively) and half 

were non-reactors (n=5 and 3) . The means and standard deviations are 

presented for the two groups under active and placebo conditions in Table 4.8. 

Results of the MANOV A are in Table 4.9 and the analysis is at Appendix F. 
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TABLE 4.8 MEANS AND STANDARD DEVIATIONS FOR DEPENDENT MEASURES BY GROUP AND 
FOOD STATUS FOR SUBSIDIARY ANALYSIS OF ADHD SUBJECTS (a) 

Measure Hyper- Experi- Percent Percent Reaction Interference Experimentel Number of Rule-
activity menter's Correct- Error&- Time- Raw Score- Corrected Words- Break 

Group Food Index- ADHD CFT CFT CFT Stroop Error&- COWAT Error&-
Status CPRS Rating (msecs) Stroop COWAT 

ADHD (n=10) 

Active Mn 81.79 11.29 94.32 1.76 604 -0.80 1.15 16.96 1.38 

SO (9.79) (2.79) (5.63) (1 .24) (46) (5.15) (2.64) (8.61) (1 .11) 

Placebo Mn 79.42 8.62 92.75 2.41 584 -0.63 1.50 19.64 1.24 : 

SO (12.50) (4.93) (3.95) (1.97) (66) (8.47) (2.28) (9.35) (3.03) 

Difference Mn 2.36 2.66 1.57 -0.64 20 -0.17 -0.35 -2.69 0.13 

(Active - Placebo) SO (16.04) (2.89) (4.21) (1.80) (74) (6.16) (3.84) (6.11) (2.00) 

Non-ADHD (n=6) 

Active Mn 67.77 5.27 94.42 1.32 585 -1.95 0.25 20.76 0.97 

SO (21.13) (2.72) (3.85) (1.20) (66) (4.32) (1.07) (12.08) (1.42) 

Placebo Mn 49.21 4.21 93.29 1.67 630 -0.83 0.67 16.68 0.43 

SO (12.90) (4.57) (4.43) (0.84) (82) (8.33) (0.78) (10.22) (0.95) 

Difference Mn 18.56 1.06 1.13 -0.35 -45 -1.11 -0.42 4.08 0.53 

(Active - Placebo) SO (26.50) (3.15) (2.90) (1.04) (89) (7.44) (1.29) (3.79) (1.36) 
(a) Number of ADHD subiects 1S 10 and number of non-ADHD 1S 6 for all measures except for CPT and COWAT (n = 9 ADHD. 6 non-ADHD), Samole of ADHD subiects had four 

treatment order 1 subjects and 6 treatment order 2 subjects. Non-ADHD sample had fOur treatment order 1 subjects and two treatment order 2 subjects. Half of both samples were 
reactors and half were non-reactors . 
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TABLE 4.9 BEHAVIOURAL AND COGNITIVE DEPENDENT MEASURES - SUBSIDIARY ANALYSIS 
OF ADHD SUBJECTS RESULTS (a) 

Measure Hyperactivity !Experimenter's Continuous Performance Test (CPT) Stroop COWAT 
Index - ADHD Interference Experimenter Number 

Effect CPRS Rating % Correct % Errors Reaction Time Raw Score Corrected cl 
Errors Words 

F (p) F (p) F (p) F (p) F (p) F (p) F (p) F (p) 

Between-
Subjects Effects 

Group 21.21 *** 7.76 * 0.02 0.83 0.28 0.05 1.65 0.01 

« 0.001) « 0.015) (0.88) (0.38) (0.61) (0.83) (0.22) (0.93) 

Within-
Subjects Effects 

Food Status 3.95 5.83 * 1.85 1.47 0.35 0.14 0.22 0.24 

(0.067) (0.030) (0.20) (0.25) (0.56) (0.71) (0.65) (0.63) 

Group x 2.36 1.07 0.05 0.13 2.40 0.08 0.00 5.79 * 

Food Status (0.15) (0.32) (0.83) (0.72) (0.15) (0.79) (0.97) (0.032) 

Rule-
Break 
Errors 

F (p) 

1.95 

(0.35) 

0.50 

(0.49) 

0.18 

(0.68) 

(a) Values entered. in table are Univariate F-test results. p values (given in brackets) indicate probability values of F-tests. * p < 0.05, ** P < 0.01. *** P < 0.001. Number of 
subjects was 10 ADHDs and 6 non-ADHDs for measures except for ePT and eOWAT (n=9 ADHDs and 6 non-ADHDs). Degrees of freedom for each effect reported 
are 1,14 but for ePT and eOWAT df = 1,13. 



The two treatment orders needed to be collapsed since there were unequal 

numbers of subjects in group-by-treatment-order cells (4 ADHDs in order 1 and 

6 in order 2; 4 non-ADHDs in order 1 and 2 in order 2). Accordingly, subjects' 

scores were adjusted as described in the previous section (4.4) using behavioural 

group change scores. The between-subjects factor is group (ADHD or 

non -ADHD). The within subjects factor is food status (active or placebo). The 

interaction term, group by food status, was examined for significance which 

would indicate the two groups have different food reactions. 

Results indicate that overall there were no significant food effects differences 

between groups for any measures, (univariate p values for F-tests > 0.05 for 

group x food status), except for the number of words on the COWAT. COWAT 

means can be inspected from Table 4.8. The ADHD group means are in the 

predicted direction (more words were generated under the placebo than active 

condition). Contrary to predictions, the non-ADHDs generated more words 

under the active than placebo condition. However, in view of the small number 

of subjects and the associated low power, this finding would need further 

validation to discount influences that were not tested in the present study. On 

the balance of the evidence, the null hypotheses that there were no food effects 

differences between ADHD and non-ADHD subjects was supported by this 

subanalysis and it was concluded that the food effects noted in the main analysis 

were indicated to be applicable to both groups. 

For the CPRS Hyperactivity Index, the main effect of food status is not 

significant for this subanalysis and, indeed, is not expected to be since it was not 

significant in the main analysis. The main effect of food status on the 

experimenter's rating was significant, consistent with the main analysis. 

It is of interest to note that the Hyperactivity Index unadjusted mean (a more 

conservative estimate) for the non-ADHD subjects was in the normal range 

when administered the placebo (T score of 53.00 placing them at the 61st 

percentile or in the "Normal range"). In contrast, with the active challenge their 

T score of 69.67 placed them in the clinical range (97th percentile or, in Conners' 

terms, at the upper end of the "Much above average" range). This represents a 

T score increase of 16.67 points in the predicted direction. 
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4.6 Summary of Findings 

The results suggest that the expected ADHD behavioural reactions to foods can 

be detected by parents and trained clinicians under double-blind conditions. 

There were statistically significant food effects differences between groups for 

hyperactive, impulsive, and inattentive behaviours observed on the Conners' 

Parent Rating Scale Hyperactivity Index (F 1,28 = 4.25, P = 0.049); and Impulsive

Hyperactive dimension which assesses impulsive-hyperactive behaviours alone 

(F1,28 = 10.40, p=0.003). In addition, such food effects were indicated by the 

experimenter's ratings of situational ADHD behaviours during assessment 

sessions (F 1,28 = 5 .68, P = 0.024) . The behavioural group's score on the 

Hyperactivity Index was nearly one standard deviation higher with active food 

challenges (T score of 70.94) than placebos (T score of 79.37), providing support 

for parental reports that marked increases in such behaviour problems can occur 

during adverse food reactions. There were no other interaction effects that 

would have qualified the interpretation of these behavioural findings. In 

contrast, cognitive measures did not detect any significant food effects 

differences between groups. These results point towards a dissociation between 

behavioural and cognitive food effects. The cognitive tests tended to show 

practice effects only. However, it was worthy of note that only for one of the nine 

measures, CPT errors, did the practice effect reach a statistically significant level. 

The first subsidiary analysis of behavioural food reactors confirmed the main 

analysis findings. Of interest was the increase on the CPRS Hyperactivity Index 

of more than one T score standard deviation from the placebo to the active 

condition for behavioural reactors. The second subsidiary analysis of ADHD 

versus non-ADHD subjects detected no differences between the two groups 

overall, suggesting that the results of the main analysis are applicable, 

independent of clinical ADHD status. Again, there was an increase of more than 

one T score standard deviation from the placebo to the active condition for these 

behavioural reactors. The non-ADHD subjects' scores on the Hyperactivity Index 

were elevated into the clinical range with active challenges (97th percentile) 

whereas with placebos they were in the normal range (61st percentile). Although 

the numbers are small, this is consistent with parental reports that "pseudo

ADHDs" can exhibit severe behavioural disturbances during adverse food 

reactions. The magnitude of behavioural changes on the Hyperactivity Index in 

the main and subsidiary analyses suggests that behavioural reactors exhibited 

clinically significant changes in ADHD behaviours with foods, as well as 

statistically significant ones. 
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Chapter S 

DISCUSSION 

5.1 Findings 

The picture that emerges from the analysis of these results is that food can 

affect behaviour in food sensitive children as indicated by behavioural ratings 

of inattention, impulsiveness and hyperactivity; but that cognitive testing did 

not indicate food effects on sustained attention, focussed attention, verbal 

fluency or other related functions. 

With regard to food effects on behaviour, there were statistically significant 

effects for the parents' and experimenter's ratings of the ADHD behaviours of 

hyperactivity, impulsiveness and inattention. In addition, there were 

clinically significant increases in these behaviours for behavioural reactors. 

This was evidenced by the magnitude of the increase on the Hyperactivity 

Index of nearly one T score standard deviation (8.44 points) between the 

placebo and the active condition for the behavioural group as a whole (while 

somatic controls' ratings were stable). This effect was obtained in spite of the 

fact that, by relatively strict criteria, only half of the behavioural subjects 

showed a severe deterioration in their behaviour. In the subsidiary analysis of 

"positive" behavioural food reactors, there was an increase of over one T score 

standard deviation for the behavioural reactors. In addition, the second 

subsidiary analysis of ADHD and non-ADHD behavioural subjects, showed 

non-ADHD subjects' scores were elevated into the clinical range with active 

food challenges (97th percentile) whereas with placebos they were in the 

normal range (61st percentile). The results from this study provide empirical 

support for parental reports that ADHD behaviours can increase significantly 

with adverse food reactions, irrespective of clinical ADHD status. The 

significant food effects on behavioural ratings are consistent with a number of 

other studies (Carter, et aI., 1993; Egger et aI, 1985; Kaplan et aI., 1989; Pollock 

& Warner, 1990). 
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In particular, the behavioural features of food reactions certainly involve 

hyperactive motor behaviours, disinhibition, poor impulse control, such as are 

seen in children with ADHD; and in terms of the DSM-IV system, those with 

Attention Deficit Disorder of the hyperactive-impulsive types. This was 

evidenced, for instance, by significant changes on the CPRS Hyperactivity 

Index. Interestingly, the CPRS Impulsive Hyperactive factor also showed 

significant results in the predicted direction on the main analysis ANOV A (an 

increase of 9.25 T score units from placebo to active challenge conditions). This 

factor contains four questions that assess only hyperactive and impulsive 

behaviours. Such behaviours can have an ad verse effect on attention. 

However, there was no evidence of food-related deficits on sustained 

attention, focussed attention, verbal fluency functions; or indeed on the other 

cognitive functions these tests are purported to measure (e.g. impulse control, 

response monitoring, maintaining mental set). Whether there are behavioural 

indicators of attentional difficulties due to food is not known at present 

(although it is proposed to further examine the ADHD Rating Scale to see 

whether there is a dissociation between the two factors indicative of primary 

problems with inattention, on the one hand, and hyperactive-impulsivity on 

the other). 

Another issue is that, since ADHD subjects were targeted in the selection 

process, it is not possible to tease out whether there are any core deficits in the 

kinds of cognitive attentional functions that have more commonly been 

reported in Attention Deficit Disorder of the predominantly inattentive type 

(DSM-IV), for instance slow mental processing speed (Barkley et aI, 1992). 

With regard to cognitive measures, statistical analysis provided no evidence of 

any consistent food effects. Even in the subsidiary analysis of behavioural 

reactors who had positive food reactions to active challenges, this study found 

. no consistent food effects on these cognitive tests. This argues counter to other 

studies that have found food effects on cognitive tests (Carter et al., 1993; 

Goyette, Conners, Petti, & Curtis, 1978; Swanson & Kinsboume, 1980). While it 

is possible that foods can affect cognitive functions other than those measured 

by the tests used in the present study, it is also possible that prior research 

found significant effects by chance variation or due to the unreliability of the 
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measures used. Another possibility is that due to methodological problems, 

such as a lack of appropriate non-ADHD control groups, these tests were not 

actually measuring food effects but some other changes, such as practice or 

fatigue effects. Certainly the current study also found practice effects on one 

measure, the CPT errors of commission. Some of the other measures also 

suggested practice effects (the Stroop Test Interference Score, the Stroop Test 

experimenter corrected errors, and COW AT rule-break errors showed the most 

notable trends); however, these did not reach statistically significant levels. In 

summary, the most parsimonious conclusion to draw from the analysis of the 

cognitive testing is that food effects have little effect on the cognitive functions 

tested here. They tend to point to the conclusion that if foods do produce 

cognitive effects, these are likely to be weak and subtle, so subtle that they 

were not detectable on the tests used in this study. This is an important 

finding since it indicates that foods did not produce detectable cognitive 

impairments, of the kinds investigated on laboratory assessments of cognition. 

The finding that there is a dissociation between behavioural and cognitive 

measures does not diminish the importance of the significant food effects 

differences between groups, as suggested by some (e.g. Barkley 1988a, 1990). 

Indeed, some ADHD research shows similar dissociations for the 

psychostimulants. Positive behavioural changes with stimulants have been 

noted in the absence of discernible effects on attention (reviewed in Gualtieri & 
Hicks, 1985) . A recent study suggests that adults with ADHD of childhood 

onset who were given a six-week course of stimulants showed significant 

changes on self- and spouse-ratings of inattention and restlessness with little 

evidence of attentional improvement, on an auditory CPT task, and little 

cortical metabolic effects on PET scans (Matochik et al., 1994). Another 

argument offered by Barkley et al., (1992) is that the primary cognitive deficits 

of ADHD may themselves be so subtle that they lead to mixed results on 

neuropsychological tests. 

The mechanisms of action by which foods produce behaviour reactions is 

speculative at present but a pharmacological effect on central nervous system 

neurotransmitters appears likely. All but one subject's behavioural reactions 

were reported by parents prior to the study to peak within 2-4 hours. Food 
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diaries and the experimenter's observations during the study were consistent 

with the notion of a rapid-onset, transient behavioural phenomenon for the 

ADHD behaviours investigated. Substances such as salicylates which are 

known to be absorbed quickly into the bloodstream produced very rapid 

behavioural reactions; the actual onset of the reaction appeared from the 

experimenter's observations to be within a half an hour to one hour for many 

subjects, with onset depending on the substances administered. The reactivity 

seen in these children to challenges fits well with what is known of the central 

nervous system pharmacological action of substances such as salicy lates 

(aspirin in the present study - Swain, 1988). Therefore, the results appear to 

argue for a pharmacological mechanism acting directly on cortical and / or 

subcortical systems. Indeed, other research has concluded that the transient 

and dose-related effects suggest food colours were "acting rather like 

pharmacological agents" (Conners, 1980a, p.141); and "the final way in which 

diet may affect behaviour is a result of pharmacologic ex citatory activities of 

ingestants" (Mans field, 1994, p. 191). Further, idiosyncratic food intolerance 

may involve a number of different mechanisms, including individual 

variability in the breakdown of these food agents (Mansfield, 1994), or 

individual sensitivity to these substances of cortical receptors involving the 

regulatory neuropeptides (Swain, 1988). 

The neural substrate for food reactions is speculative at present. It is worth 

noting that the challenges produced reactions that exacerbate ADHD 

symptoms and, as such, may be considered to have produced reactions 

opposite to those seen for the psychostimulants. So it is certainly possible that 

the cortical catecholamine functions implicated in ADHD were subtly affected 

by food challenges, either by direct or indirect cortical neurotransmitter 

pathways. 

5.2 Methodological Issues 

As regards treatment order effects on the measures used to test food effects, no 

significant interactions were found. This provided validation of the adequacy 

of random allocation of subjects to treatment orders. Further, it clarifies some 

earlier studies where treatment
, 
order was considered to be a confounding 
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problem (e.g. Conners et aI., 1976; Harley et aI., 1978). This study provides 

confirmation that behavioural food effects are observable when subjects are 

assessed against an elimination diet background with the single-crossover of 

placebo and active challenges. An important feature was the counterbalanced, 

random allocation of subjects to treatment orders, so that treatment order was 

used as a between-subjects variable and provided a direct test of the treatment

order hypothesis. 

The results may be considered to be applicable to children of primary-school 

age with behavioural food sensitivity because, overall, the groups were 

thought to be relatively representative of the populations from which the 

samples were drawn. The rate of atopy (23 %) was relatively low compared 

with other studies (e.g. Egger et aI., 1985) as was the proportion of subjects 

who suffered from other physical complaints that are correlated with food 

sensitivity reactions (i.e. asthma, eczema, rhinitis). There was, however, an 

above-average predicted level of intelligence (115) for these subjects, which is 

consistent with their middle-level socio-economic status (SES), and probably 

represents somewhat of a selection bias in clinic attenders. It is also possible 

that higher-SES families are more prepared to comply with the demands of 

trialing and maintaining their children on an elimination diet. Behavioural 

subjects had higher rates than the control group of parent- and teacher

reported attention problems. They also tended to show higher rates of 

aggressive behaviours at the initial screening, but the rates were typical of the 

population from which this group was selected. The behavioural sample 

contained 10 subjects (62%) who were assessed at the screening interview to 

meet a clinical diagnosis of ADHD. The prevalence of ODD was 56% in the 

behavioural group and 19% in the control group. These rates of prevalence 

correspond to rates in the populations from which the two groups of food 

sensitive children were selected. There was a significant difference between 

the two groups in the interval between assessment visits. However, this was 

only a difference of 3.3 days which, in practical terms, is unlikely to have had 

much influence on practice effects on cognitive tasks. 

Compliance with the diet protocol was excellent, with subjects mostly 

maintaining a strict elimination diet. All subjects had adequate levels of 
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nutritional intake, ingesting at least the recommended daily allowances of zinc, 

iron and vitamin B 1. Parental ratings indicated the adequacy of double-blind 

procedures throughout the study. The adequacy of subject selection for the 

two groups was further confirmed by an ANOV A. This also validated subject 

allocation to treatment orders since no confounding by treatment order was 

found on any of the screening measures. 

The comprehensive assessment protocol was generally useful for clinical and 

research purposes. The screening measures that were particularly useful in 

screening for ADHD diagnostic status were the CBCL and the ADHD Rating 

Scale. The latter needed review with parents at the initial interview so that a 

rating could be obtained for pervasive ADHD symptoms, as distinct from 

short-term food-reaction symptoms. Combined with the thorough structured 

clinical interview, these measures were considered to provide good 

discriminant value in clinical settings. They were used to verify whether a 

food reactor fitted an ADHD profile, a somatic profile, or some other profile 

(the main ones in the present study were emotional/ social problems and 

oppositional/ defiant problems profiles). Together with the educational and IQ 

screening measures, they allowed clinicians to delineate whether apparent 

difficulties with inattention and restless behaviours were actually the result of 

problems with learning and / or a lower than average level of intellectual 

functioning, rather than pervasive ADHD. Teacher ratings on the CTRS on the 

other hand were of low sensitivity in screening for subjects who were assessed 

to meet clinical criteria for ADHD diagnosis. It may be that they could be low 

in sensitivity if used to rate behavioural food reactions that are subtle and of a 

short duration. Perhaps these teachers were relatively conservative in their 

assessments of these children, and perhaps this was related to behavioural

food reactors not standing out as having pervasive behavioural problems. 

The CPRS Hyperactivity Index was useful in rating behavioural changes after 

capsule challenge . Contrary to the conclusions of some authors 

(e.g. Rippere 1983), this standardised rating which requires a "subjective 

judgment" by parents, was sensitive to food effects. This may have been due to 

the instructions being changed so that parents were able to "capture" ADHD-
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type behavioural reactions at their most severe peaks, within the very short 

time-frame manifested by these reactors. 

There was some hint of greater severity of ADHD problems in the subjects 

allocated to treatment order 2 but no statistically significant treatment order 

effects confounding the design were detected. In future research it may be 

helpful to use the scores on the CBCL Attention Problems factor and the 

Aggressive Behavior factor for allocation of subjects to treatment orders. 

A practical limitation in this study was the complexity of the matching 

procedure. It is certainly worth considering using the two most common 

aggravators of behavioural reactions, salicylates and colours, as the challenge 

substances to simplify matching. Something of a drawback could be that the 

number of subjects available for matching could be more limited. 

5.3 Suggestions for Future Research 

While the results of the cognitive tests lead to the conclusion that the cognitive 

functions assessed were not affected by foods, it may be worthwhile 

investigating alternative hypotheses. First, the response to foods may be dose

related, such as with stimulants, and the doses in the present study may have 

been too low to affect cognitive changes. If this is the case, as with stimulants, 

there is likely to be considerable inter-individual variability in terms of the 

dose at which cognitive functions deteriorate (if at all); and in terms of whether 

there is a dissociation between cognitive performance and behavioural 

symptoms of hyperactivity (Rapport et al., 1987). 

Second, it may be that other more subtle functions are affected by food. 

Complex executive functions were not assessed in the present study. For 

instance, it can be argued that the Stroop Test does not tap mental flexibility 

because it does not require the flexible shifting of set or "second-to-second 

changes of schemas" (van Zomeren & Brouwer, 1987, p. 405). Other more 

demanding cognitive tests, which may tap executive control functions more 

adequately may be required. In Shallice's (1982) model this could be 
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considered the "supervisory attentional system" which is responsible for 

selection of alternative mental sets in the face of changing stimulus demands. 

These might include tests using the Go-No-Go paradigm, such as finger 

tapping tasks. Indeed, this task is reported to distinguish between ADHDs 

and normals (Trommner, Hoeppner, Lorber, & Armstrong, 1988); and to be 

sensitive to stimulant treatment (Trommer, Hoeppner, & Zecker, 1991). 

However, it would be of value to alter the stimulus conditions from trial to 

trial to require the subject to shift mental set. Other fruitful measures may be 

those currently being used in "frontal" batteries with ADHD children to test 

planning and organisational skills such as the Tower of Hanoi, (Welsh, 1994) 

and Porteus Mazes (Grodzinsky & Diamond, 1992). Other well-known tests 

that require shifting of mental set may be useful, such as the Trail Making Test 

- Part B (BarkIey et al., 1992; Grodzinsky & Diamond, 1992). The tests that are 

chosen should be suitable for repeated-measures designs. For instance, they 

should not have very marked practice effects (e.g. the Wisconsin Card Sorting 

Test would be unsuitable since the subject may deduce the sorting principle on 

the first visit). Further, tests should differentiate between ADHD and normal 

children. They should also ideally show medication treatment effects, since 

food challenges appear to act like weak irritant drugs. 

Third, it may be that motivational factors affect cognitive test performance. 

ADHD children are notably variable in their cognitive performance, and 

output is dependent on feedback and rewards. Hence, there may be a number 

of technical aspects of test administration that might be altered to investigate 

the effect of motivational factors. The CPT is a case in point: there is research 

suggesting that ADHD children show deficits on boring, repetitive vigilance 

tasks (Sergeant & van der Meere, 1989); and they show declines on the CPT 

after 15 minutes (Sykes et al., 1971, 1973) . It is possible that the 5-minute 

, duration of the present test was not long enough for problems with attention 

lapses and impulse control to emerge. A longer test interval would hold more 

ecological validity since in natural settings, such as the classroom, ADHD 

children may have more difficulty with sustaining their attention after a 

reasonable period. Another possible alternative to administering this test 

could include altering the mental control strategy by changing the instructional 

set to emphasise speed. Further, although the interstimulus interval used was 
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the same as that used by other investigators, in view of the research reviewed 

in Chapter 1, the interstimulus interval could be lengthened. This would place 

more demands on the subject to maintain the mental set for each presented 

stimulus over a longer time-frame and may detect more sensitively deficits in 

activation of attentional resources required for sustained performance. It may 

be also of interest to test subjects on the CPT without the experimenter present 

since performance deteriorates for ADHDs more than normals when the 

experimenter is absent during testing (Draeger et al., 1986). However, this is 

likely to be impractical with younger children. 

It may also be of clinical interest to further assess the relative efficacy of diet 

and psychostimulant treatments and whether there are interactions between 

these. It is worth noting that some of the older subjects in this study reported 

that stimulants were less effective when they did not comply with the 

elimination diet. In addition, the clinical impression gained during this study 

was that foods could exacerbate ADHD symptoms even when subjects were 

receiving stimulants. This is consistent with Williams et al., (1978) who 

concluded that even though diet effects are weaker �han stimulant effects, a 

combination of the two provides the greatest therapeutic efficacy. However, 

diet is hypothesised to play a smaller role than stimulants in ADHD, albeit an 

important one: foods are proposed to exacerbate pre-existing, inherent ADHD 

tendencies. 

Behavioural ratings during challenges could certainly be a focus of future 

research. In particular, clinician's observational ratings during assessment 

tasks may prove worthwhile. Barkley et al., (1990) report that a behavioural 

observation coding system during a "restricted academic situation" (involving 

the child completing a IS-minute task of written arithmetic) and during the 

CPT is sensitive in detecting hyperactive and impulsive behaviours. There are 

certain disadvantages such as the lack of norms and thus it is difficult to 

establish clinical significance of ADHD behaviours. For the present study, a 

trained clinician used four behavioural categories to obtain the experimenter's 

rating, as has been used by other researchers (e.g. Egger et al., 1993). This was 

feasible and based on DSM-III-R criteria; however, standardised behaviour 

rating scales would be of value in future research and would offer greater 
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reliability and validity. The difficulty is that currently available instruments 

are not suited to experimental sessions such as those employed in this study 

(e.g. they include questions where familiarity with the subject's typical 

behavioural state is required; and they sample behaviours that the subject does 

not have the opportunity to demonstrate during a short visit). It may be also 

that they are not entirely suitable for rating food reactions, since they were 

developed for other clinical purposes.  Another fruitful research direction 

would be to use multiple questionnaires or rating scales, in order to more 

specifically assess the nature of the behavioural deficits found in this study 

(i.e .  the relative effects of food on inattentive, disinhibited / impulsive 

behaviours and excessive motor activity) and other related behavioural 

features (e.g. self-control, disorganisation). Rating scales that specifically 

delineate between hyperactive-impulsive behaviours on the one hand and 

inattentive behaviours on the other would have a corollary in the current 

DSM-IV classification system which distinguishes between three types of 

Attention-Deficit / Hyperactivity Disorder: predominantly inattentive, 

predominantly hyperactive-impulsive and combined types. 

In summary then, the present study confirms that the mixed model, that is a 

combined between-groups and within-groups (repeated-measures cross-over) 

design has utility in researching food effects. It also points to some fruitful 

directions for future research. Given the significant food effects on behaviour, 

the most promising line of research at present would be to more specifically 

delineate the nature of such behavioural disturbances by a battery of 

behavioural ratings which might include standardised rating scales and 

observational measures. Research could also focus on the effects of food 

substances compared to stimulant medications in children with identified food 

sensitivity and ADHD, who are studied while on the Simplified Elimination 

Diet. In addition, food effects at increasing challenge doses could be 

investigated. Further, the influence of motivational factors could be controlled. 

Finally, food effects on higher-level executive functions could be assessed. 
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Chapter 6 

CONCLUSIONS 

This study established that identified food sensitive children can have significant 

increases in ADHD-type behaviours during food challenges. Contrary to prior 

views, these increases were not only statistically significant but clinically 

significant, with nearly one standard deviation change in the Conner's Parent 

Hyperactivity Index. ADHD and non-ADHD children were not distinguishable, 

suggesting that parents and trained clinicians can observe marked behavioural 

changes during food reactions, irrespective of ADHD diagnosis. It is worthy of 

note, however, that the study found a dissociation between behavioural ratings 

and cognitive test performances, with no evidence of any consistent food effects 

on cognitive measures. 

While the number of food sensitive behavioural reactors in the general 

population may be small, this study provides evidence that there is a subgroup 

of those children who present at outpatient medical services who respond to the 

elimination diet protocol and experience increased symptomatology when they 

include certain food substances in their diet. Behavioural food sensitivity 

appears to be idiosyncratic in terms of the various substances which aggravate 

similar symptoms in different individuals; and the various symptoms 

aggravated by a particular substance in different individuals . A 

neuropharmacological mechanism is proposed to underlie behavioural reactions. 

While the effects of food on behaviour may be rapid and transient, they may act 

to exacerbate pre-existing ADHD-type behavioural tendencies (hyperactivity, 

inattention and impulsiveness) . It seems reasonable to divide children with 

behavioural food sensitivity into three main groups. Firstly, there may be those 

with clinical ADHD who respond to dietary restriction, but whose disorder is 

sufficiently severe to require joint psychostimulant treatment. In this case it may 

be that foods interact with stimulant medications, although it was beyond the 

scope of this study to address this issue. Secondly, there may be those who have 

ADHD who are not food sensitive, for whom diet would not provide therapeutic 

effects. Thirdly, there may be those behavioural food reactors who do not meet 

clinical criteria for ADHD since they demonstrate symptoms only during 

adverse food reactions and not pervasively. Certainly this study supports the 

use of elimination diets as an adjunct to treatment of children who show 

behavioural ADHD-type reactions to foods. 
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APPENDIX A 
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N 

CHALLENGE PROTOCOL USED WITH EACH MATCHED-SUBJECTS PAIR (a) 

Challenge Substances Administered in Active Challenges 

Subject Treatment Classes of Challenge Compounds Doses Time Intervals between Compounds Doses Time Intervals between 
Numbers Order (b) Substances (C) in first active capsule administration in second active capsule administration 

capsules and the " active capsules and the "active 
condition" assessment condition" assessment 

1 and 17 1 Monosodium Glutamate (3) MSG 1.25 g 4 hours MSG 1.25 g  2 hours 
2 and 18 1 Salicylate (1) & Colours (7) Aspirin 300 mg 3 hours Aspirin 300 mg 1 hour 

Yellow 30 mg 3 hours Red 30 mg 1 hour 
3 and 19 1 Salicylate (1) Aspirin 300 mg 2 hours Aspirin 300 mg 1 hour 
4 and 20 1 Salicylate (1) Aspirin 300 mg 2 hours Aspirin 300 mg 1 hour 
5 and 21 1 Amines (2) Amines 154 mg 4 hours nil nil nil 
6 and 22 1 Preservatives (4) & Colours (7) Preservatives 900 mg 4 hours Red 30 mg 2 hours 

Yellow 30 mg 2 hours 
7 and 23 1 Salicylate (1) Aspirin 300 mg 2 hours Aspirin 300 mg 1 hour 
8 and 24 1 Nitrate and Nitrite (6) Nitrate 25 mg 4 hours Red 30 mg 2 hours 

Nitrite 25 mg 4 hours Yellow 30 mg 2 hours 
9 and 25 2 Salicylate (1) & Colours (7) Aspirin 300 mg 3 hours Aspirin 300 mg 1 hour 

Yellow 30 mg 3 hours Red 30 mg 1 hour 
10 and 26 2 Salicylate (1) & Propionate (5) Aspirin 300 mg 4 hours Aspirin 300 mg 2 hours 

Propionates 500 mg 2 hours 
11 and 27 2 Salicylate (1) & Colours (7) Aspirin 300 mg 18 hours Aspirin 300 mg 16 hours 

Yellow 30 mg 18 hours Red 30 mg 16 hours 
12 and 28 2 Salicylate (1) & Colours (7) Aspirin 300 mg 2 hours Aspirin 300 mg 1 hour 

Yellow 30 mg 2 hours Red 30 mg 1 hour 
13 and 29 2 Salicylate (1) & Colours (7) Aspirin 300 mg 4 hours Aspirin 300 mg 2 hours 

Yellow 30 mg 2 hours 
Red 30 mg 2 hours 

14 and 30 2 Colours (7) Yellow 30 mg 3 hours nil nil nil 
Red 30 mg 3 hours nil nil nil 

15 and 31 2 Nitrate and Nitrite (6) Nitrates 25mg 3 hours nil nil nil 
Nitrites 25mg 3 hours 

16 and 32 2 Monosodium Glutamate (3) & MSC 1.25 g 2 hours MSC 1.25 g 1 hour 
Colours (7) Yellow 30 mg 2 hours Red 30 mg 1 hour 

(a) Standard Ror,a1 Prince Alfred Hospital Allergy Service challenge substances and doses were used - refer to Appendix C. Active capsule administrations were split for most subjects into two lots 
of capsules ( first active capsules" and "second active capsules'') administered at the times indicated prior to eaCh subject's cognitive assessment under the "active condition". 

(b) Treatment order 1 is active-placebo; Treatment 2 is placebo-activve. 
(c) The classes of food challenge substances used were as follows: (1) Salicylate challenge was two doses of 300 mg aspirin (acetylsalicylic acid); (2) Amine challenge was 150 mg tyramine 

hydrochloride & 4 mg B-phenylethylamine hydrochloride; (3) Monosodium Glutamate challenge was 2 doses of 1.25 g monosodium glutamate; (4) Preservatives challenge was 500 mg sodium 
benzoate, 200 mg p-hydrobenzoic acid, 200 mg sorbic acid, and 250 mg metabisulphate - # For pair 6 and 22, metabisulphate was omitted due to potential to aggravate asthma; (5) Propionate 
challenge was 500 mg sodium propionate; (6) Nitrates & Nitrites challenge was 25 mg sodium nitrate and 25 mg sodium nitrite; and (7) Colours challenge was 30 mg yellow (tartrazine) and 30 
mg red (erythrosin B) administered as indicated in 2 separate capsules. 
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Subject 
Number 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

" .. ..  - � . 

Group Treabnent 
(1) Order (2) 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 

2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 

SCREENING MEASURES 
Sex Age SES Time 

Interval -
Visit 2 to 3 

(days) 
0 6.121 4.2 14 
0 6.688 2.5 17 
0 11.933 43 14 
1 6.871 4.5 14 
1 7.882 2.4 14 
1 9.129 23 14 
1 9.902 3.8 11 
1 11.197 3.9 14 
0 6.772 53 13 
0 8.104 2.6 11 
1 7.143 5.2 14 
1 7.416 23 14 
1 7.478 4.9 21 
1 8.854 53 13 
1 10.413 53 13 
1 10.806 2.1 7 
0 6.565 43 14 
0 7.589 43 21 
0 10.889 2.8 14 
1 6.508 4.9 14 
1 7.338 2.9 17 
1 9.865 2.4 21 
1 10.301 2.6 25 
1 11.671 43 21 
0 7.101 3.9 14 
0 7.671 2.9 14 
1 8.236 4.0 14 
1 6.983 2.8 14 
1 6.992 2.6 11 
1 8.357 2.6 25 
1 11.079 3.5 17 
1 10.468 2.5 14 

- . . .  P 1 15 oenavIOural reactors; group (2) Treatment order 1 is active-placebo; treatment order 2 is placebo-active. 

Estimated Learning CfRS - CfRS -
IQ - Difficulty - Conduct Hyper-

(WRAT-R Problems activity 
(WISe-Ill) Minimum) Index 

103 89 46 44 
126 113 66 62 
115 86 44 48 
109 87 57 52 
126 97 51 55 
103 74 48 41 
115 84 82 84 
112 96 52 58 
94 83 59 73 

117 83 46 46 
141 115 60 68 
129 84 48 52 
135 75 63 65 
92 79 66 63 
91 73 67 74 

106 74 not available not available 
138 107 42 42 
100 111 56 44 
117 91 54 53 
120 98 57 47 
141 137 54 49 
103 91 65 61 
135 98 42 41 
88 86 42 43 

112 83 56 73 
109 87 46 42 
96 67 51 60 

115 127 48 42 
132 80 51 49 
109 94 43 49 
120 116 42 40 
117 87 54 54 



SCREENING MEASURES 
Subject CBCL - CBCL - CBCL - CBCL - CBCL - CBCL - CBCL - CBCL -

Number Withdrawn Somatic Anxious/ Social Thought Attention Delinquent Aggressive 
Complaints Depressed Problems Problems Problems Behaviour Behaviour 

1 64 58 59 73 58 68 57 52 
2 50 64 52 50 50 63 50 59 
3 57 63 69 52 65 58 57 59 
4 54 50 72 50 50 57 50 55 
5 58 50 52 64 50 57 59 55 
6 58 79 66 60 50 65 70 80 
7 58 67 72 77 64 75 70 75 
8 58 56 66 64 67 75 75 73 
9 57 67 52 88 50 70 67 68 

10 57 73 70 50 58 58 51 62 
11 57 61 68 50 50 75 50 50 
12 72 86 73 76 50 89 59 75 
13 61 64 68 56 57 67 54 56 

.. 14 64 64 61 80 57 73 79 87 
15 61 77 72 80 64 78 81 87 
16 70 56 61 68 67 75 50 51 
17 50 62 53 50 50 51 51 55 
18 57 54 66 57 50 54 57 61 
19 82 73 72 66 50 72 74 68 
20 50 72 50 50 50 50 50 51 
21 54 67 64 50 50 50 54 50 
22 64 56 73 80 50 67 59 60 
23 50 76 50 50 57 50 53 51 
24 50 56 55 60 64 54 50 50 
25 53 62 50 52 58 58 70 57 
26 64 70 68 66 58 58 51 52 
27 61 56 52 68 64 67 63 60 
28 58 61 58 56 50 51 72 62 
29 50 56 58 64 57 60 67 58 
30 50 70 55 52 50 54 63 68 
31 50 56 50 52 50 50 50 50 
32 50 64 61 64 50 65 54 53 
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SCREENING MEASURES 
Subject ADHD ADHD ADHD - Receiving 000 - Prior Food 
Number Rating Scale - Rating Scale - Clinicians' Stimulants Clinicians' Sensitivity 

Initial Standard Initial Severity Diagnosis Diagnosis Established 
Score (visit 1) (visit 1) (3) (visit 1) (4) (visit 1) by: 

1 -0.ffi3 None Yes No Capsules 
2 0.894 None No Yes Food 
3 0.720 None No No Food 
4 -0.177 None No No Capsules 
5 1.792 Severe No Yes Yes Capsules 
6 1.242 Mild Yes Yes Food 
7 2.168 Severe Yes Yes Food 
8 1.291 Moderate Yes Yes Yes Capsules 
9 2.471 Moderate Yes Yes Yes Capsules 
10 0.695 None No No Food 
11 -0.226 None Yes (ADD/H-) No Food 
12 1.792 Severe Yes Yes Food 
13 0.194 None Yes No Food 
14 1.713 Severe Yes Yes Yes Capsules 
15 2.475 Severe Yes Yes Yes Capsules 
16 2.475 Severe IN o-in remissior No Food 
17 0.158 None No No Food 
18 -0.731 " " No Capsules 
19 0.034 " " Yes Food 
20 -0.487 " " No Food 
21 -0.563 " " No Capsules 
22 -0.777 " " No Capsules 
23 -0.657 " " Yes Food 
24 -0.420 " " No Capsules 
25 0.039 " " No Food 
26 -0.966 " " No Capsules 
27 0.163 " " No Capsules 
28 0.444 " " No Food 
29 -0.281 " " No Food 
30 0.072 " " Yes Food 
31 -0.677 " " No Capsules 
32 -0.069 " " No Food 

... .......... ... ......... ..... . -(3) ADHD severity ratings as suggested by Barkley 1994 from number of DSM-III-R criteria rated 2-3 severity on AUHU l<anng 
"moderate" is 11-12; and severe is 13-14. - a 

(4) Behavioural subjects were selected for the Second Subsidiary Analysis based on the clinicians' diagnostic assessment of ADHD. 

Allergy Asthma Eczema Rhinitis 
Status 

(Atopic) 

No No No Yes 
No No No No 
Yes Yes Yes No 
No Yes No No 
No Yes No Yes 

Not tested Yes No Yes 
No No No No 
No No No No 
No Yes No No 
Yes Yes No No 
No No No No 

Not tested Yes Yes No 
No No No No 
No No No No 
No No No No 
Yes No No Yes 
No No Yes Yes 
No No No No 
No No No No 
No No Yes No 
No No No No 
No No No Yes 
Yes No Yes Yes 
No Yes No No 
No No No No 
No No No No 
No No No Yes 
No No No No 
Yes No Yes Yes 
Yes No Yes Yes 
No No No No 
Yes Yes Yes No 

e: "none" is < 8; "mild" is 8-10; 
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SELECTION OF SUBJECTS FOR THE FIRST SUBSIDIARY ANALYSIS OF BEHAVIOURAL FOOD REACTORS (1) 

Criterion 1. Experimenter's Rating 2. 3. ADHD Rating Scale 4. Dietitian's Decision Total 
Parent's Number 

Imp- of 
ression Criteria 

of Order Met 

Active Placebo Active- 1 is Active Placebo Active - Active Placebo Active (cutoff is 
Placebo Correct; (z score) (z score) Placebo had 2 out 
(Cutoff O is (1 is more more of 4) 

Subject is 3) Incorrect than one behavioural * were Number or z score; symptoms seleded 
"Don't o is less than as 

Know" than one Placebo reactors 
z score) 

1 7 2 5 1 0.683 1.104 0 Yes, a lot Yes Yes 3 *  
2 8 5 3 1 0.894 0,(53 0 No No Don't know, 2 *  

no change 
3 5 0 5 1 1.369 -0.469 1 Yes No Yes 4 *  
4 9 13 -4 0 1.686 -0.798 1 Yes No Yes 2 *  
5 4 2 2 0 -0.479 0.278 0 Yes No Yes 1 
6 10 7 3 1 1.819 2.492 0 Yes, a lot Yes Yes 3 *  
7 10 4 6 1 1.531 -0.681 1 Yes No Yes 4 *  
8 12 14 -2 1 1.034 0.949 0 Yes Missing data Don't know, 1 

missing data 
9 15 13 2 0 2.576 2.261 0 Yes No Yes 1 
10 2 2 0 0 -0.450 -0.565 0 No Yes No 0 
11 10 3 7 0 0.783 0.783 0 Yes No Yes 2 *  
12 8 6 2 1 0.867 1.624 0 No Yes No 1 
13 14 10 4 1 1.708 0.951 0 Missing data Not sure Don't know, 2 *  

missing data 
14 15 15 0 0 1.804 1.531 0 Yes No Yes 1 
15 13 13 0 0 2.475 2.181 0 Yes No Yes 1 
16 4 4 0 0 1.007 0.811 0 Missing data Missing data Don't know, 0 

missing data 

(1) Refer to text for measures used. Parents' Impression of Order is order in which they perceived capsules were given and comes from Parents' Impression Rating competed at end of 
study before they were advised of the challenge contents and order. Dietitian's DeciSion is based on Food and Symptom Diaries. 
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Subject 
Number 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

-- - � . 

Group 
(1) 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

Treabnent Experi-

Order 
:'(2) menter's 

ADHD 
Rating 
(Visit 2) 

1 7 
1 8 
1 5 
1 9 
1 4 
1 10 
1 10 
1 12 

2 13 
2 2 
2 3 
2 6 
2 10 
2 15 
2 13 
2 4 

1 50 
1 57 
1 82 
1 50 
1 54 
1 64 
1 50 
1 50 

2 53 
2 64 
2 61 
2 58 
2 50 
2 50 
2 50 
2 50 

- . . ,  

OUTCOME MEASURES 
Experi- CPRS CPRS 

menter's Hyper- Hyper-
ADHD activity activity 
Rating Index Index 
(Visit 3) (Visit 2) (Visit 3) 

2 65 82 
5 67 53 
0 85 38 

13 98 55 
2 50 59 
7 90 85 
4 83 53 
14 83 83 
15 85 99 
2 42 47 
10 89 74 
8 87 78 

14 76 92 
15 87 94 
13 90 94 
4 71 71 

62 36 36 
54 42 45 
73 58 58 
72 57 57 
67 39' 48 
56 62 65 
76 40 35 
56 37 40 

62 39 50 
70 36 36 
56 52 52 
61 57 55 
56 63 42 
70 35 35 
56 35 35 
64 46 44 

(1) vroup 1 is oenaVloural reactors; group (2) Treahnent order 1 is active-placebo; treatment order 2 is placebo-active. 

CPRS CPRS CPRS CPRS 
Conduct Conduct Psycho- Psycho-
Problem Problem somatic somatic 
(Visit 2) (Visit 3) (Visit 2) (Visit 3) 

35 98 61 43 
76 76 43 43 
81 39 44 44 
97 47 55 55 
47 50 44 44 
82 82 82 100 
82 53 43 53 
85 89 43 43 

93 98 43 43 
44 44 43 43 
72 41 77 44 
78 66 44 77 
59 88 77 77 
94 91 44 44 
99 99 100 82 
39 39 53 62 
40 44 43 52 
44 49 43 43 
67 74 98 62 
63 47 44 77 
41 38 44 99 
62 66 62 53 
36 36 100 72 
36 39 43 43 
49 53 61 80 
53 49 61 71 
50 50 44 44 
50 50 55 44 
78 44 44 44 
41 38 44 44 
43 36 53 43 
46 36 43 72 
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Subject Group 
Number (1) 

1 1 

2 1 

3 1 

4 1 

5 1 

6 1 

7 1 

8 1 

9 (3) 1 

10 1 

11  1 

12 1 

13 1 

14 1 

15 1 

16 1 

17 2 

18 2 

19 2 

20 2 

21 2 

22 2 

23 2 

24 2 

25 2 

26 2 

27 (4) 2 

28 2 

29 2 

30 2 

31 2 

32 2 

Treatment 

Order 1 " · (2) 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

CPRS 
Anxiety 
(Visit 2) 

41 

45 

46 

74 

45 

78 

46 

57 

49 

45 

60 

99 

69 

40 

46 

57 

41 

41 

72 

45 

40 

68 

41 

41 

41 

60 

55 

45 

69 

40 

41 

46 

OUTCOME MEASURES 
CPRS CPr CPr 

Anxiety Percent Percent 
(Visit 3) Correct Correct 

(Visit 2) (Visit 3) 

57 90.00 86.67 

45 88.33 88.33 
41 98.33 98.33 
45 91.67 90.00 

40 96.67 93.33 
62 98.33 95.00 

46 96.67 91.67 

68 100.00 100.00 

41 -1 -1 

41 95.00 98.33 
45 95.00 93.33 
64 95.00 98.33 
79 90.00 93.33 
40 90.00 83.33 
68 95.00 100.00 
57 98.33 95.00 

41 96.67 98.33 

45 90.00 100.00 

68 100.00 100.00 

40 93.33 95.00 

50 100.00 98.33 

57 96.67 96.67 

41 96.67 98.33 

62 100.00 95.00 

45 93.33 90.00 

53 96.67 93.33 
55 (88.33) 78.33 

45 98.33 93.33 
50 75.00 90.00 

40 98.33 91.67 
41 100.00 98.33 
52 96.67 96.67 

CPr CPr CPr CPr 
Percent Percent Average Average 
Errors Errors Reaction Reaction 

(Visit 2) (Visit 3) Time on Time on 
Hits Hits 

(Visit 2) (Visit 3) 
33473 2.092 0.5893 0.6154 

33473 1.6736 0.5209 0.7333 

0.0000 0.4184 0.5192 0.5789 

0.8368 1.6736 0.6553 0.6856 

1.6736 2.9289 0.6382 0.6494 
0.8368 0.7143 0.6506 0.6215 
1.6736 4.6025 0.6729 0.5192 
1.2552 0.8368 0.5711 0.4547 

-1 -1 -1 -1 

1 .2552 0.4184 0.6366 0.6430 
1.2582 2.9289 0.6291 0.5463 
1.6736 0.8368 0.6622 0.6471 
5.8578 3.7157 0.5660 0.5993 
4.1841 0.8368 0.5547 0.5490 

0.4184 0.4184 0.6336 0.6124 
2.0920 1.6736 0.5003 0.5366 

0.4184 0.4184 0.5705 0.5555 

2.9289 1.2552 0.5215 0.4730 
0.8368 0.4184 0.5307 0.6145 
33473 0.4184 0.5773 0.6000 
1 .6736 0.8368 0.5578 0.5704 
2.0920 0.8368 0.5934 0.6105 

2.0920 0.4184 0.4494 0.5302 
0.4184 0.4184 0.4293 0.4698 

7.1130 2.0920 0.5837 0.6687 
1 .6736 0.0000 0.5388 0.6079 

(15.4812) 4.6020 (0.4102) 0.5282 

0.4184 0.0000 0.5892 0.6230 
1.6736 2.0920 0.6984 0.6999 
2.0920 1.6736 0.6097 0.6198 
0.0000 0.4184 0.5964 0.4243 
1 .6736 1.2552 0.4319 0.4638 

- . . . , , -(1) vroup 1 18  oenavlOural reactors; group � IS somancs.(�) lreannent orQer 1 IS acnve-ptaceoo; treannent orQer � IS P. :ebo-active. (3) Sub ect invalidated performance. 
(4) This subject had extreme scores for visit 2 (in brackets) so analyses were conducted with his visit 3 scores , i.e. active scores (refer to Section 4.2). 
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Subject 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
�.. ... - � . 

Group 
(1) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Treatment Stroop 

Order "" (2) Raw 
Word 
Score 

(Visit 2) 
1 40 

1 47 

1 74 

1 43 

1 71 

1 62 

1 59 

1 71 

2 45 
2 56 

2 61 

2 50 

2 50 

2 54 

2 84 

2 74 

1 52 

1 57 

1 69 

1 42 

1 60 

1 87 

1 78 

1 70 

2 48 

2 58 

2 43 

2 57 

2 35 
2 56 

2 84 

2 78 
- . , .  

OUTCOME MEASURES 
Stroop Stroop Stroop 
Raw Age- Age-
Word Corrected Corrected 
Score Word Word 

(Visit 3) (Visit 2) (Visit 3) 
42 92 94 

56 99 108 

74 100 100 

40 95 92 

73 123 125 

53 103 94 

75 100 116 

81 97 107 

46 97 98 

60 102 106 

56 113 108 

49 102 101 

43 102 95 
65 100 111 
87 118 121 
86 108 120 

55 104 107 

76 109 128 

72 103 106 

55 94 107 

63 112 115 

95 128 136 

80 112 114 

67 96 93 

51 100 103 

59 110 111 

44 89 90 
54 109 106 

35 87 87 

64 102 110 

92 110 118 
79 112 113 

P l iS oenavlOural reactors; group (2) Treabnent order 1 is active-placebo; treabnent order 2 is placebo-active. 

Stroop Stroop Stroop Stroop 
Word Word Raw Raw 

T score T score Colour Colour 
Score Score 

(Visit 2) (Visit 3) (Visit 2) (Visit 3) 
42 43 42 45 
46 50 39 47 

46 46 59 56 

44 42 30 40 

58 59 43 51 
48 43 28 34 
46 54 40 53 

45 50 54 53 

45 45 39 43 
47 49 40 51 

53 50 42 47 

47 47 30 31 
47 44 40 39 

46 52 46 46 
55 57 73 61 
50 56 48 46 

48 50 40 40 

51 60 41 48 
48 49 58 62 

43 50 27 36 
52 54 40 44 
60 64 51 53 
52 53 53 58 
44 43 48 57 

46 48 40 45 
51 52 36 43 
41 41 30 32 
51 49 38 37 
40 40 43 36 
47 51 48 55 
51 55 62 62 
52 53 45 55 
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Subject 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 
15 

16 

17 

18 

19 

20 

21 

22 
23 
24 

25 
26 

27 

28 

29 

30 

31 

32 
-_ . - . 

Group 
:' (1) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Treabnent Stroop 

Order �(2) Colour 
Age-

Corrected 
(Visit 2) 

1 82 

1 79 

1 75 
1 70 

1 83 
1 57 

1 69 

1 70 

2 79 

2 76 

2 82 

2 70 

2 80 

2 82 

2 97 

2 72 

1 80 

1 81 

1 82 

1 67 

1 80 

1 80 

1 77 
1 64 

2 80 

2 76 

2 66 

2 78 

2 83 
2 84 
2 78 

2 69 
'l �  _ __ _ J.! __ 

OUTCOME MEASURES 
Stroop Stroop Stroop 
Colour Colour Colour 
Age- T Score T Score 

Corrected 
(Visit 3) (Visit 2) (Visit 3) 

85 51 53 
87 49 55 
72 47 45 
80 43 50 
91 52 57 
63 35 39 
82 43 51 
69 43 43 

83 49 52 
87 47 55 
87 51 55 
71 43 44 
79 50 49 
82 51 51 

85 61 53 
70 45 43 

80 50 50 

88 51 55 
86 51 54 
76 41 47 
84 50 53 

82 50 51 

82 48 51 
73 39 45 

85 50 53 
83 47 52 
68 41 42 
77 49 48 
76 52 47 

91 53 57 
78 49 49 
79 43 49 

(1) Liroup l IS oenaVlouraJ. reactors; group (2) Treatment order 1 is active-placebo; treatment order 2 is placebo-active. 

Stroop Stroop Stroop Stroop 
Colour & Colour & Colour & Colour & 

Word Word Word Word 
Raw Raw Age- Age 

(Visit 2) (Visit 3) Corrected Corrected 
(Visit 2) (Visit 3) 

29 31 55 57 
12 19 38 45 
32 43 43 54 
20 24 46 50 
22 20 48 46 
13 15 33 35 
19 26 39 46 
23 26 34 37 

17 24 43 50 
23 27 47 51 
32 23 58 49 
19 19 45 45 
35 24 61 50 
20 24 44 48 
24 31 40 47 
21 29 37 45 

20 25 46 51 
22 30 48 56 

36 37 52 53 
14 18 40 44 
23 28 49 54 
26 37 46 57 
30 30 46 46 
23 30 34 41 

23 17 49 43 
19 25 45 51 
19 20 43 44 
20 20 46 46 
35 37 61 63 
22 29 46 53 
36 49 47 60 
30 30 46 46 
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Subject 
Number 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

.� , � . 

Group 
;"; (1) 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

Treatment 

Order 
�(2) 

1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 

Stroop 
Colour & 

Word 
T Score 
(Visit 2) 

- . 

60 
43 
48 
51 
53 
38 
44 
39 

48 
52 
63 
50 
66 
49 
45 
42 

51 
53 
57 
45 
54 
51 
51 
39 

54 
50 
48 
51 
66 
51 
52 
51 

. .  

OUTCOME MEASURES 
Stroop Stroop Stroop 

Colour & Inter- Inter-
Word ference ference 

T Score Raw Raw 
(Visit 3) (Visit 2) (Visit 3) 

62 8.512 9.276 
50 -9.310 -6.550 
59 -0.830 11.120 
55 2.329 4.000 
51 -4.780 -10.00 
40 -6.290 -5.710 
51 -4.840 -5.MO 
42 -7.670 -6.040 
55 -3.890 1.775 
56 -0.330 -0.570 
54 7.126 -2.550 
50 0.250 0.013 
55 12.780 3.549 
53 -4.840 -2.940 
52 -15.100 -4.860 
50 -8.120 -0.970 

56 -2.610 1.842 
61 -1.850 0.581 
58 4.488 3.687 
49 -2.440 -3.760 
59 -1.000 2.093 
62 -6.150 2.980 
51 -1.560 -3.620 
46 -5.480 -0.800 

48 1.182 -6.910 
56 -3.210 0.127 
49 1.329 1.474 
51 -2.800 -1.960 
68 15.710 19.250 
58 -3.850 -0.580 
65 0.329 11.960 
51 1.463 -2.430 

(1) Group l iS oenaVloural reactors; group 
(2) Treabnent order 1 is active-placebo; treabnent order 2 is placebo-active. 

Stroop Stroop Stroop Stroop 
Inter- Inter- Inter- Inter-

ference ference ference ference 
Age Corc't Age Corc't T Score T Score 

(Visit 2) (Visit 3) (Visit 2) (Visit 3) 
11.640 12.360 62 62 
-5.940 -3.180 44 47 
0.140 12.140 50 62 
5.690 7.210 44 57 
-1.570 -6.670 48 43 
-3.690 -2.720 46 47 
-1.830 -2.040 48 48 
-6.660 -4.950 43 45 

-0.540 5.MO 49 55 
3.450 3.220 53 53 

10.480 0.810 60 51 
3.490 3.310 53 53 

16.160 6.870 66 57 
-1.ffiO 0.840 49 51 
-13.240 -2.930 37 47 
-6.200 0.790 44 51 

0.780 5.220 51 55 
1.530 3.850 52 54 
6.350 5.520 56 56 
0.880 -0.440 51 50 
2.330 5.460 52 55 

-3.230 5.840 47 56 
0.370 -1.690 50 48 

-4.400 0.100 46 50 

4.560 -3,570 55 46 
O.ffiO 3.510 50 54 
5.100 5.270 55 55 
0.530 1.400 51 51 

18.520 22.440 69 72 
-O.MO 3.200 50 53 
11.360 13.040 51 53 
3.300 -0.490 53 63 
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N 

Subject 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

30 

31 

32 
-� -
(1) p � . 

Group 
(1) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Treatment 

Order (2) 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 
:tJ group 

Stroop 
Experimenter-

- . 

Corrected-
Errors -
Total 

(Visit 2) 
0 

2 

0 

1 

0 

2 

8 

1 

7 

0 

0 

0 

1 

4 

0 

2 

2 

2 

0 

2 

1 

3 

0 

2 

1 

2 

0 

1 

0 

0 

0 

1 
. .  ---

OUTCOME MEASURES 
Stroop 

Experimenter-
Corrected-

Errors -
Total 

(Visit 3) 
2 

2 

1 

1 

1 

1 

2 

1 

0 

0 

3 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

2 

1 
0 

0 

0 
� . . . 

Stroop 
Experimenter-

Corrected-
Errors -
Word 

(Visits 2 &t 3) 
0 

1 

0 

1 

0 

0 

0 

1 

2 

0 

0 

0 

0 

2 

0 

1 

1 

1 

0 

1 

0 

0 

0 

2 

1 

0 

0 

1 

0 

0 

0 

1 

p 

Stroop Stroop Stroop 
Experimenter- Experimenter- Experimenter-

Corrected- Corrected- Corrected-
Errors - Errors - Errors -
Colour Colour &Word Colour &Word 

(Visits 2 &t 3) (Visit 2) (Visit 3) 
1 0 1 
0 1 2 
1 0 0 
0 1 0 
0 0 1 
2 0 1 
2 6 2 
0 0 1 

1 4 0 
0 0 0 
0 0 3 
1 0 0 
1 0 0 
2 1 0 
0 0 0 
0 1 0 

0 1 0 

0 1 0 
0 0 0 
0 1 0 
0 1 0 
0 3 0 
0 0 0 
0 1 0 

0 0 2 
0 2 0 
0 0 0 
2 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 

- . . .  p 
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OUTCOME MEASURES 
Subject 
Number 

1 

2 

3 

4 

5 
6 

7 (5) 
8 

9 

10 

11 

12 

13 

14 

15 
16 

17 

18 

19 

20 

21 (5) 
22 
23 

24 

25 
26 

27 

28 

29 

30 

31 

32 
-- . - . 

Group 
(1) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Treatment COWAT -

Order (2) Number of Words to 
Letters C,F IL 

(Visit 2) 

1 5 
1 15 
1 45 
1 12 

1 18 

1 13 

1 22 

1 33 

2 19 

2 13 

2 23 
2 9 

2 10 

2 27 

2 34 
2 12 

1 11 

1 15 
1 31 

1 8 

1 28 

1 28 

1 39 

1 14 

2 10 

2 17 

2 5 
2 16 

2 6 

2 13 

2 36 
2 17 

- . . .  
(1) �roup I 1S oenaVlouraL reactors; group 
(2) Treabnent order 1 is active-placebo; treabnent order 2 is placebo-active. (5) Two subjects had missing data on visit 2. 

COWAT-
Number of Words to 

Letters C,F IL 
(Visit 3) 

13 

11 

38 

16 

13 

13 

-1 

31 

17 

18 

24 

8 

17 

16 

24 

18 

12 

19 

22 

11 

-1 

28 

42 

21 

11 

21 

20 

27 

6 

34 

40 

24 

COWAT- COWAT-
Number of Number of 
Rule-Break Rule-Break 

Errors Errors 
(Visit 2) (Visit 3) 

3 1 

3 2 

2 2 

1 0 

1 0 

1 0 

2 -1 

1 0 

5 3 

1 0 

2 1 
0 0 

0 2 

4 2 

1 3 

0 0 

4 1 

0 1 

1 1 

0 0 

0 -1 

0 0 

1 0 

0 0 

1 0 

0 0 

3 4 

1 0 

0 0 

1 1 
0 0 
1 3 
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OUTCOME MEASURES 
Subject Group (1) Treabnent ADHD ADHD ADHD ADHD Parent Degree Degree 

Number Order (2) Rating Rating Rating Rating Correct of Parent of Parent 
Scale Scale Scale Scale about Blinding Blinding at 

z score Severity (6) z score Severity (6) Order (7) at Start (8) Completion (9 
(Visit 2) (Visit 2) (Visit 3) (Visit 3) 

1 1 1 0.683 None 1.104 None Yes 1 3 
2 1 1 0.894 Mild 0.<E3 None Yes 0 0 
3 1 1 1.369 None -0.469 None Yes 0 4 
4 1 1 1.686 Moderate -0.798 None Don't Know 2 4 
5 1 1 -0.479 None 0.278 None No 0 2 
6 1 1 1.819 Moderate 2.492 Severe Yes 4 4 
7 1 1 1.531 Mild -0.681 None Yes 3 4 
8 1 1 1.034 Moderate 0.949 Mild Yes 0 2 
9 1 2 2.261 Moderate 2.576 Moderate Don't Know 0 4 

10 1 2 -0.565 None -0.450 None Don't Know 0 2 
11 1 2 0.783 Mild 0.783 None Don't Know 0 4 
12 1 2 1.624 Moderate 0.867 Mild Yes 4 3 
13 1 2 0.951 Mild 1.708 Severe Yes 0 4 
14 1 2 1.531 Severe 1.804 Severe Don't Know 0 4 
15 1 2 2.181 Severe 2.475 Severe No 0 4 
16 1 2 0.811 Mild 1.007 Mild Don't Know 1 3 
17 2 1 -0.789 None -0.894 None Don't Know 0 4 
18 2 1 -0.184 None -0.296 None Yes 0 1 
19 2 1 0.424 None 1.152 None Yes 0 4 
20 2 1 -0.281 None -0.591 None Don't Know 1 1 
21 2 1 -0.983 None . -0.814 None Don't Know 0 2 
22 2 1 0.473 None 0.858 Mild No 0 2 
23 2 1 -1.341 None -1.341 None Yes 0 4 
24 2 1 -0.334 None -0.677 None Yes 0 1 
25 2 2 -0.408 None 2.385 Moderate Yes 0 4 
26 2 2 -0.743 None -0.855 None Don't Know 0 4 
27 2 2 0.384 None 0.384 None Don't Know 3 1 
28 2 2 0.362 None 0.362 None Yes 0 4 
29 2 2 -0.695 None -1.109 None Don't Know 0 05 
30 2 2 -0.384 None -1.295 None Yes 0 2 
31 2 2 -1.361 None -1.361 None No 2 4 
32 2 2 -0.363 None -0.363 None Yes 05 4 

(1) Group 1 is behavioural reactors; group 2 is somatics. (2) Treahnent order 1 is active-p,lacebo; treahnent order 2 is placebo-active. (7) From Parents' Impression Rating 
obtained at the end of the study (refer la section 3.4.1). (8) Ad�ua� of double-blind conditions was assessed by asking parents to rate at the end of the study to what extent 
they were aware at the start of the stud; that the child would De challenged with active capsules on one visit and placefus on the other from O-"Not at all" to 4-"Very much" 
(Refer to Section 3.4.1). (9) Adequacy 0 double-blind conditions was assessed by asking parents to rate at the end of the study to what extent they based their assessment of 
the order in which the capsules were given on their children's behaviour or symptoms from O-"Not at all" to 4-"Very much" (refer to Section 3.4.1). 
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Subject 
Number 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

,- - - . 

Group Treatment 
(1) Order (2) 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 2 
1 2 
1 2 
1 2 
1 2 
l '  2 
1 2 
1 2 

2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 

2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 

OUTCOME MEASURES 
Dietitian's Decision that Dietitian's Decision that 

Reaction Occurred Reaction Occurred 
(Visit 2) (Visit 3) 
Yes, a lot Yes 

No No 
Yes No 
Yes No 
Yes No 

Yes, a lot Yes 
Yes No 
Yes Missing data 

No Yes 
Yes No 
No Yes 
Yes No 

Unsure Missing data 
No Yes 
No Yes 

Missing data Missing data 

Yes, a lot Yes 
No No 
No No 
No No 
No Yes 
No No 
Yes Yes 
No No 

Yes Yes, a lot 
No Yes 
No No 
No Yes 
No No 

Unsure No 
Yes Yes, a lot 
No Yes 

- . . ,  (1) Liroup l iS oehaVloural reactors; group 
(2) Treatment order 1 is active-placebo; treahnent order 2 is placebo-active. 

Dietitian's Decision Overall Diet 
Correct Compliance 

(I-poor to 4-strict) 
Yes 4 

No change 4 
Yes 4 
Yes 4 
Yes 4 
Yes 4 
Yes 1 

Missing data 4 

Yes 4 
No 3 
Yes 4 
No 4 

Missing data 4 
Yes 4 
Yes 4 

Missing data Missing data 

Yes 4 
No change 4 
No change 4 
No change 4 

No 4 
No change 4 
No change 2 
No change 4 

Yes 4 
Yes 4 

No change 3 
Yes 4 

No change 3 
No change 2 

Yes 4 
Yes 4 



APPENDIX B 

SUBJECT SELECTION STAGES -

DETAILS OF NUMBERS 

RETAINED AND EXCLUDED AT EACH STAGE 

Appendix 
Page 

17 

This Appendix gives further details of sex breakdowns and reactor types at 

each selection stage. 
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SUBJECT SELECTION STAGES - DETAILS OF NUMBERS 
RETAINED AND EXCLUDED AT EACH STAGE 

Stage 1: 
File Census
All Patients 

1984-1994 

Stage 2: 
Invitation 

to Participate 

Stage 3: 
Matching Pairs 

Stage 4: 
Initial Assessment 

(Visit 1) 

363 Patient files reviewed: 
- 146 Behavioural 

(112 males 77%, 34 females 23%) 
- 198 Somatic 

(111 males 56%, 87 females 44%) 
- 19 Mixed 

(11 males 58%, 8 females 42% )  

• 
142 Patients contacted 
(39% of file census): 

- 66 Behavioural 
(52 males 79%, 14 females 21%) 

- 69 Somatic 
(34 males 49%, 35 females 51% ) 
7 Mixed ��-�-�:?-
(5 males 71%, 2 females 29%) 

• 
46 Patients available for matching 
(13% of file census): 

- 25 Behavioural 
(19 males 76%, 6 females 24%) 

- 21 Somatic 
(12 males 57%, 9 females 43%) 

36 Patients assessed 
(10% of file census): 

- 18 Behavioural 
(12 males 67%, 6 females 33%) 

- 18 Somatic 
(12 males 67%, 6 females 33%) 

Stage 5: 32 Subjects challenged 
Capsule Challenges (9% of file census): 

(Visits 2 and 3) - 16 Behavioural 
(11 males 69%, 5 females 31%) 

- 16 Somatic 
(11 males 69%, 5 females 31%) 

17 

221 Patients excluded 
(61% of file census) 

96 Patients excluded 
(26% of file census) 

10 Patients excluded 
since no match 
available (3% of 
file census): 

Behavioural 
(7 males) 

Somatic 
(3 females) 

4 Dropouts after 
assessment (11 % of 
patients assessed at 
Visit 1 or 1% of file 
census): 
- 2 Behavioural 
(one male was 
unwilling to 
continue, one female 
due to low IQ) 
- 2 Somatic (one 
male and one female 
due to illness). 

No Dropouts 



APPENDIX C 

ROYAL PRINCE ALFRED HOSPITAL 
ALLERGY SERVICE 

CHILDREN'S CHALLENGE 
AND DIET PROTOCOLS 

Royal Prince Alfred Hospital Allergy Service 

Children's Challenge Protocol 

Royal Prince Alfred Hospital Allergy Service 

Children's Diet Protocol 

(The "Simplified Elimination Diet") 

18 
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ROYAL PRINCE ALFRED HOSPITAL ALLERGY SERVICE 

CHILDREN'S CHALLENGE PROTOCOL 

Prior to being selected in the study, food intolerance was assessed by double-blind 

placebo-controlled capsule challenges of the following substances that were 

administered in varying random sequences. The same protocol was used to select 

challenges in the present study (refer to Appendix A). Where two doses are 

indicated in the "Dose" column, patients were instructed to take the first dose and, if 

no noticeable reaction occurred within 2 hours, to take the second dose. If there was 

a positive reactions to gluten and lactose (below), then wheat and milk intolerance 

were also assessed by open food challenges of plain water crackers, pasta, and milk. 

Class of Substance Actual  Compounds In Dose 

Provoking Food Challenge Capsule(s) 

Sensitivity 

Salicy lates Aspirin 600 mg 
(acetylsalicylic acid) (as 2 doses of 300 mg) 

Amines tyramine hydrochloride & 150 mg 
B-phenylethylamine 
hydrochloride 4 mg 

Monosodium Glutamate monosodium glutamate 2.5 g 
(as 2 doses of 1.25 g) 

Preservatives 1. sodium benzoate, 500 mg 
P-hydrobenzoic acid & 200 mg 
sorbic acid 200 mg 

2. metabisulphate 250 mg 
(not for asthmatics) 

Propionate sodium propionate 500 mg 
(Bread Preservative) 
Antioxidants butylated hydroxy toluene & 50 mg 

butylated hydroxy anisole 
50 mg 

Nitrate / Nitrite sodium nitrate & 25 mg 
sodium nitrite 25 mg 

Colours tartrazine (yellow) & 30 mg 
erythrosin B (red) 30 mg 

Gluten (in grains) gluten 1.5 g 
Lactose (in milk) lactose 500 mg 
Placebos 1. potato starch 1 9  

2. sucrose 1 9  
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